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Virtual event 


Why dark matter 
matters 


A huge proportion of our 
universe seems to be made 

of dark matter. It holds galaxies 
together and is thought to be 
streaming through your body 
right now. But we still don’t 
know what dark matter 
actually is. In this talk, physicist 
Chamkaur Ghag takes us inside 
the hunt for this mysterious 
stuff, to underground labs, 
particle colliders and into 
space. Join us on 24 June from 
6pm BST. Tickets available 
now or watch on demand later. 


newscientist.com/events 
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Weekly 


With the origins of covid-19 

all over the news, the podcast 
team discuss the “lab leak” 
hypothesis. Writer Elinor 
Cleghorn visits to talk about her 
new book and the gender pain 
gap. And we swing by a cafe 
staffed entirely by robots. 


newscientist.com/ 
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Online 


Covid-19 

daily briefing 

All the latest, most crucial 
developments in the covid-19 
pandemic in one essential 
briefing. Check it out for free 
online. There are also links 

to our exclusive news, 

features and interviews. 
Updated each day at 6pm BST. 


newscientist.com/ 
coronavirus-latest 
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A free, monthly look at 
preparations for the crunch 
climate change conference 
scheduled for November. The 
latest issue looks at a landmark 
report from the International 
Energy Agency on reaching 
net-zero emissions by 2050. 
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Carlo Rovelli: The 
Meaning of Meaning 


Physicist Carlo Rovelli has 
come up with some of the 
most intriguing ideas in 
theoretical physics. In this 
short film, he explains how 
a rebellious past influenced 
his science. Watch it in full 
for free now. 


youtube.com/ 
newscientist 
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A note from 


the culture 
editor 


Hello. I'm excited to announce that 
the New Scientist Photography 
Awards 2021 are now open 
for entries. We have launched 
the competition to celebrate 
extraordinary images that show 
how science and technology 
impact our lives and the world 
around us. This comes in many 
different forms, and so to inspire 
a diverse range of entries, we have 
settled on three award categories: 
The Natural World, Modern Life 
and Our Changing Environment. 
Our judging panel consists of 
naturalist and TV presenter Chris 
Packham, award-winning 
photographer Sue Flood and three 
members of the New Scientist 
team (including me). Together, 
we will decide the shortlisted 
entries, category winners and 
category runners-up. The 
overall competition winner will 
then be decided by public vote. 
And what is a photography 
competition without prizes? 
The overall winner will take home 
£1000, with cash prizes also 
available for the runners-up and 
shortlisted entries. We will also 
publish some of the entries in the 
print magazine. Whether you are 
a keen photographer or giving ita 
go for the first time, we would love 
you to enter our competition. 


For full details and to enter go to: 
newscientist.com/photoawards 
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Taking out the junk 


Removing processed food from our diets will be no easy task 


ALMOST every month, a new piece of 

research emerges linking diets high in 

processed “junk” foods with obesity 

and poor health. It isn’t yet clear ifthe 

relationship is causal, and if so, what 

the mechanisms behind it may be. 

But insights are starting to emerge 

from trials that compare diets that are 

based on either ultra-processed foods or 

wholefoods, yet are carefully matched for 

nutrients in all other ways (see page 36). 
The links need investigating as a 

matter of urgency. Ifthese processed 

foods really do carry intrinsic health 

risks, it could mean that official advice 

about healthy eating has been aiming 

at the wrong target for decades. In almost 

all high-income countries, nutrition 

guidelines say the key to healthy eating 

is avoiding too much fat, salt and sugar. 
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Cy recycle 


While many types of processed food 
contain significant amounts of these 
frowned-on ingredients, not all do, and 
there are wholefoods that are also high 
in some of them. Red meat and some 
dairy products come with their share 
of fat, for instance. It is still unclear if it 
is better to switch to “healthier” low-fat 


“Higher taxes on factory-made 
foods are likely to hit lower- 
income households hardest” 


versions of processed foods, or to cook 
from scratch, whatever the ingredients. 
Equally murky is what actions 
governments should be taking. Some 
campaigners are now calling for higher 
taxes on factory-made foods. That would 
be controversial, however, because these 
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foods constitute up to 60 per cent 
of people’s diets in countries such as 
the UK and US. Additionally, any price 
hikes are likely to hit lower-income 
households hardest, many of which 
consume more of such products because 
processed foods can be cheaper than 
making meals from their original 
ingredients, and the cost difference 
is even greater if you take into account 
the time taken to cook from scratch. 
Rather than taxation, a non-punitive 
approach may be for schools to give 
higher priority to teaching pupils how 
to make quick and simple home-cooked 
meals. This approach would take 
many years to bear fruit, but the 
encroachment of processed food into 
Western cuisine took place over decades. 
It isn’t going to be reversed overnight. f 
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News 


Vaccine distribution 


G/ urged to donate now 


As the G7 summit convenes in the UK this week, pressure is mounting 
on wealthy countries to donate more vaccines, reports Clare Wilson 


AS SOME of the world’s wealthiest 
democratic nations prepare to 
meet in the UK at the G7 summit 
this week, pressure is mounting 
on high-income countries to 
donate more covid-19 vaccines 
to poorer parts of the globe. 
Ahead of the talks, the 
children’s charity UNICEF warned 
the G7 group that member nations 
need to supply vaccine doses to 
COVAX, the vaccine distribution 
plan set up by the World Health 
Organization (WHO), at a slow 
and steady rate throughout the 
year. It said that offloading a large 
batch at once would risk jabs going 
to waste, as some low-income 
countries may not have the 
facilities for administering 
so many doses in one go. 
In an open letter co-written 
by Jeremy Farrah, director of 
the Wellcome Trust, the charity 


also called for 20 per cent of 
available UK vaccine doses 
between now and August to 

be donated, and requested that 
G7 countries collectively share 
1 billion covid-19 vaccine doses 
over the course of 2021. 

“This is both achievable 
and essential if we are to have 
areal impact on the pandemic. 

It must start at once, with a clear 
plan for how this will be scaled 
up as countries become more 
protected,” the letter says. 

Ina separate letter, celebrities 
including Billie Eilish and 
Claudia Schiffer echoed the need 
to share vaccines now, rather than 
waiting until domestic vaccine 
drives are complete. 


Former UK prime minister 
Gordon Brown made a similar 
plea this week, saying that it is 
in richer nations’ self-interest to 
stop outbreaks from happening 
elsewhere in the world, as greater 
spread of the coronavirus could 
lead to new, more dangerous 
variants developing. 

The WHO's director-general 
Tedros Adhanom Ghebreyesus has 
also asked vaccine manufacturers 
to provide COVAX with half of all 
the vaccines they make this year. 

The WHO would like at least 
10 per cent of people in every 
nation to be vaccinated by 
September, and 30 per cent by the 
end of this year. COVAX will play a 
large role in achieving that, but to 


Daily coronavirus news round-up 
Online every weekday at 6pm GMT 
newscientist.com/coronavirus-latest 


Awoman receives the 
Oxford/AstraZeneca 
vaccine in Siaya, Kenya 


date the scheme has only shipped 
enough vaccine for about 1 per 
cent of people in 129 countries. 
The UK has said that it will 
donate excess doses of vaccine 
to the COVAX scheme, but hasn’t 
said how many doses this will be, 
nor given a timeline. Last week, 
the country’s health secretary 
Matt Hancock said the UK didn’t 
currently have any spare doses 


“Wealthy nations must start 
sharing vaccines at once, 
with a clear plan for how 
this will be scaled up” 


and that vaccinating children in 
the UK would take priority. The 
Pfizer/BioNTech vaccine has now 
been approved for use in children 
aged 12 and above in the UK. 

However, some epidemiologists 
are questioning whether it is 
ethical for richer countries to give 
vaccines to under-18s, who are 
generally unlikely to get seriously 
ill from this virus, when there 
are still vulnerable people and 
healthcare workers in low-income 
countries who are unvaccinated. 

The new call to share vaccines 
comes as the UK faces increasing 
pressure to ramp up its own 
immunisation effort in the face 
of the faster-spreading delta 
variant of the coronavirus, 
previously known as B.1.617.2, 
first identified in India. 

After one dose, the Oxford/ 
AstraZeneca and Pfizer/BioNTech 
vaccines are only 34 per cent 
effective against this variant, 
although after two doses they 
are 60 and 88 per cent effective 
respectively. As a result, the UK 
has shortened the recommended 
interval between vaccine doses to 
eight weeks, down from 12 weeks 
originally, for the over 50s. 

Many countries, including the 
UK, also have plans to offer third 
“booster” shots of vaccine to some 
people later in 2021, potentially 
causing further delays to the point 
when the nation has spare doses 
that it is willing to donate. 
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News Coronavirus 


Going abroad 


How to make travel safe 


As movement resumes between countries, Graham Lawton reports on 
the best border strategies and how to journey as safely as possible 


AS VACCINATION numbers 
continue to climb, high-income 


countries are beginning to journey 


back towards normality. That is 
also true of travel itself. 

On1June, seven EU countries 
set out on the long road back to 
freedom of movement, allowing 
unimpeded travel between them 
as long as arrivals can prove they 
are either immune to SARS-CoV-2 
or uninfected. Many other 
countries are also inching back 
to business as usual. But the 
world of travel is still a long way 
from its destination. So how do 
we get back to where we started? 
And if you plan to travel abroad 
over the coming months, what 
do you need to know? 

The risks of returning to 
international travel as it was 
done before covid-19 are obvious: 
as people move about, so does 
the SARS-CoV-2 virus, hastening 
the spread of dangerous variants 
and potentially reigniting 
the pandemic in places where 
it was under control. 

For this reason, international 
travel has been severely restricted 
for more than a year. But 
governments around the world 
are now confronting the tough 
task of reopening their borders. 

“We can take measures to allow 
people to enter countries,” says 
Jeffrey Lazarus at the Barcelona 
Institute for Global Health 
in Spain. “But countries have 
varying degrees of seriousness 
about how they approach 
controlling their borders.” 

The trick, he says, is to be like 
Denmark, not like Spain. Lazarus 
travels frequently between the 
two because he lives and works 
in Spain but has strong ties to 
Denmark after a stint at the 
World Health Organization’s 
regional office in Copenhagen. 

To enter Denmark from Spain, 
he has to show two negative tests, 
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Tourists arrive at Palma 
de Mallorca airport in 
Spain on 23 May 


“Countries have varying 
degrees of seriousness 
about how they 
control their borders” 


one done no more than 48 hours 
before arrival and the other 
done in the airport before 

going through passport control. 
A positive test would mean an 
immediate return to Spain, but 
two negatives allow him to enter 
the country. He then has to self- 
quarantine for 10 days, although 
on day four he can doa PCR test 
and get out of quarantine if it is 
negative. The test is paid for by 
the Danish government. 


Acting in good faith 


Spain, on the other hand, officially 
requires international travellers 
to have a negative PCR test done 

at most 72 hours prior to arrival, 
but he says doesn’t rigorously 
check the results on entry. “It’s 

a good-faith declaration,” says 
Lazarus. “I doit, but I’m not sure 
how many other people do.” 


Denmark’s approach is in 
keeping with its pandemic 
management system. It is one 
ofa handful of wealthy countries 
to have pursued a textbook 
strategy. “They followed the 
basic rules of pandemic control: 
test, trace and isolate, test at 
the borders and provide some 
support to isolate,” says Lazarus. 
Its travel policy is essentially a 
continuation of this strategy. 

According to a recent analysis 
by Lazarus and his colleagues, 
the five wealthy countries that 
pursued even stricter “elimination” 
strategies — Australia, Iceland, 
Japan, New Zealand and South 
Korea — did better on measures of 
health, economic performance and 
civil liberties than countries that 
pursued “mitigation” strategies. 

This is paying travel dividends 
for the elimination countries 
that have managed to essentially 


remain covid-free. New Zealand 
and Australia (with the exception 
of the state of Victoria, where 
covid-19 levels are higher), for 
example, have formed a travel 
bubble allowing quarantine-free 
movement between the countries. 
Other elimination countries 

will probably create similar 
bubbles, says Lazarus. 

The EU Digital COVID 
Certificate — being trialled for 
movement between seven 
countries including Denmark, 
but not Spain — is less stringent 
than the Danish system. It certifies 
that a person has been vaccinated, 
has had a recent negative test 
or has recovered from covid-19. 
People with such proof can move 
freely between Bulgaria, Croatia, 
the Czech Republic, Denmark, 
Germany, Greece and Poland, 
with plans to extend the scheme 
to all of the EU on 1 July. 

“I think it’s a very good idea 
because it restores some free 
movement and also incentivises 
people to get vaccinated,” says 
Bary Pradelski at the French 
National Centre for Scientific 


) 
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Research in Grenoble. 

Last year, Pradelski proposed 
a system called “green zoning”, 
which would allow travel between 
regions with low levels of covid-19 
to prevent their economies from 
tanking, especially those based 
on tourism. The proposal was 
adopted by a number of European 
governments: it informed Spain’s 
decision to open the Balearic 
Islands but not the mainland to 
German tourists last summer, for 
example. Green zoning is difficult 
to police within the borders of 
acountry and will inevitably 
be porous, says Pradelski, but is 
preferable to letting countries’ 
entire economies be held back 
by their worst-affected regions. 
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test is compulsory on arrival. 
Travel from amber and red 
countries isn’t banned, but 


arrivals must test and quarantine. 


This can be at home if coming 
from an amber country, but 
must be at amanaged hotel if 
arriving from a red-list country. 
Outbound travel is regulated 
by the destination country, 
although the UK government 
advises that people in England 
“should not travel to amber 
list or red list countries”. The US 


Traffic lights 


Other countries are adopting a 
more ad-hoc system. England, for 
example, gives countries a “traffic 
light” rating, which can change 
depending on circumstances. 
Green indicates that a country 

is essentially safe to travel into 
England from, although a covid-19 


How to go abroad and minimise your covid-19 risk 


If you are desperate to go 
abroad, then what precautions 
should you take? 
“If you're double vaccinated and 
you're going to a low-risk area, 
| would take the view that you're 
going to be pretty safe as long as 
you abide by the usual, sensible 
rules,” says Anthony Costello 
at University College London. 
The US Centers for Disease 
Control and Prevention (CDC) 
agrees. It advises travellers to 
low-risk countries to get fully 
vaccinated, wear a mask, avoid 
crowds, stay at least six feet 
(1.8 metres) from people they 


of new cases in the past 28 days. 
Decisions for England are based 
on broader risk assessments 
from the Joint Biosecurity Centre, 
including vaccination rates 

and circulating variants. 

It is hard to tell which method 
is right, and it isn’t unusual for 
two countries to look at the same 
data and come to diametrically 
opposite conclusions, says 
Jeffrey Lazarus at the Barcelona 
Institute for Global Health in 
Spain. “Germany closed the border 
to the UK in the same week that 
Spain opened it. They clearly don’t 
have the same assessment.” 


aren't traveling with, wash their 
hands often and monitor their 
health for signs of illness. 

You should also take “low risk” 
with a pinch of salt. For instance, 
Portugal was on England's green 
list, but on 8 June it moved to the 
amber list, meaning you have to 
quarantine at home or in the place 
you are staying for 10 days when 
you arrive in England. Meanwhile, 
Portugal remains in the CDC's 
“avoid all travel” category. 

These kinds of contradictions 
happen because countries apply 
different criteria. The US 
principally looks at the number 


People fly from 
Denmark on the 
country’s first charter 
flight in seven months 


has a similar four-tier system. 

The EU also makes 
recommendations about inward 
travel from non-EU countries. On 
21 May, it decided not to put the UK 
on its “white list” of safe countries 
because of the delta variant first 
identified in India. The UK is also 
rated as high risk by the US. 

The introduction of this variant 
into the UK shows that its red list 
isn’t working, says Christina Pagel 
at University College London. 

“We don’t know where the next 
dangerous variant is, absolutely 
no idea, so to have this idea that 


“The idea that we can 


react by putting selected 
countries on a red list is 
just not good enough” 


we can always react by putting 
selected countries ona red list 
is just not good enough.” 

This somewhat ad-hoc system, 
with chopping and changing 
advice based on hazy criteria, is 
probably here to stay for a while, 
says Lazarus. “Countries will 
open and close depending on the 
political climate or frankly what 
seems like whims,” he says. 

Ultimately, Lazarus thinks that 
travelling abroad still isn’t very 
advisable or safe for most people. 
“UK vaccination rates are amazing 
but you still have a population that 
is largely not fully vaccinated”. 

But there is light at the end of 
the tunnel, says Lazarus. “We have 
two or three critical months — if 
we can just put strong measures 
in place while we get to 60, 70, 

80 per cent fully vaccinated, then 
I think we can control it. It’s a pity 
that it is summer, which is when 
everyone wants to travel.” 
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Pandemic profile: Devi Sridhar 


Don’t shoot the messenger 


Devi Sridhar has been a constant voice in the ear of governments throughout the 
pandemic. She tells Adam Vaughan why scientists aren't to blame for lockdowns 


WHEN not advising the Scottish 
government on its pandemic 
response, Devi Sridhar is being 
interviewed by TV news channels, 
writing opinion articles for 

The Guardian or tweeting to her 
almost 300,000 new followers. 
Throughout, she has been 
unafraid to call out governments 
when she thinks their response 
to covid-19 has been wrong. 


When did you realise this was 
going to be a global health crisis? 
It was when Wuhan went into 
lockdown. You realised that if 
China, with its resources and 
surveillance systems, was 
struggling, then how would poor 
countries manage? You could 
see that this was unlikely to be 
like other events. 


Has the pandemic changed 
perceptions of science? 

On the positive side we see 

more collaboration and sharing. 
On the flipside, there’s a lot of 
anger towards scientists for the 
lockdown measures, for the loss 
people have experienced. My 
point is: it’s not scientists. If your 
house is on fire, you don’t blame 
the firefighters. 


What has the pandemic taught 

us about public health? 

If you look at death rates per cases, 
parts of the world have really low 
death rates. It’s due to their health 
system being able to cope, but also 
the underlying health of their 
population. You do better with 
covid if you're healthier. I hope 
we'll now think more about the 
layers of protection we give 


Profile 

Devi Sridhar is professor of public health 
at the University of Edinburgh and a 
member of the Scottish government's 
covid- 19 advisory group 


Is now a good time to win some of 
the UK's old public health battles, 
like obesity? 

Definitely. What has been fantastic 
is people have realised how much 
they can do locally outside. Even in 
the brutal Scottish winter, people 
were outside. We also saw how 
restrictions and covid hit poor 
people harder. How do we address 
that inequality? It’s not enough 

to tell people to eat better and 
exercise more. They have to be able 
to afford it and have time to do it. 


Should countries that have pursued 
a zero covid-19 approach pivot to 
a strategy of full vaccination? 


UNIVERSITY OF EDINBURGH 


That’s where they’re going. I don’t 
see this as a bad move. Imagine if 
New Zealand vaccinates everyone 
and escapes the pandemic with, 
say, less than 50 deaths. Their 
playbook worked. They bought 
time for a vaccine, in a way that 
saved economies and lives. 

I get people saying: “You’ve 
U-turned, you were all about zero 
covid.” But if you’re building a 
house, and you don’t have tools, 
you build a house as best youcan. 
Ifall ofa sudden you get more 
tools—and now we have a vaccine 
and therapeutics — then you build 
a different kind of house. 


On the subject of people 
commenting on your opinions, 

how have you coped with being in 
the limelight through the pandemic? 
Isee it as part of my job. Have I got 
everything right? No. Hopefully 
I’ve gotten more right than wrong. 
What people say of you on social 
media is not reflective of real life. 
When people define themselves 
by social media, problems occur. 

I define myself by: am I doing 
good science, do my peers think 
what I’m saying is accurate? 


Should restrictions in England be 
lifted on 21 June? 

If the government postpones the 
lifting of restrictions by two more 


weeks after 21 June, how many 
more people can have second 
doses, first doses? That should 
be the debate. Scientists are 
not saying lockdown forever, 
we're saying [wait] two more 
weeks. Hold, and support those 
businesses [that stay closed 

for longer]. 


How well prepared is the world 

for the next pandemic? 

The one thing we won't see is 
complacency. The areas of the 
world that did better —it’s because 
they had previous experience of 


“I'm worried rich countries 


will forget about covid 
while it continues to take a 
major toll in poor settings” 


what infectious diseases can do 
if you don’t move quickly. 

The big thing that’s going to 
be looked at are the International 
Health Regulation travel and trade 
restrictions [which advise against 
travel bans]. The big question 
for me is how to stop exporting 
viruses when they appear. That’s 
still a debate we’re not having. 


Do you think the end is in sight? 
For rich countries, I think the 
worst is behind us. I’m worried 
about low and middle-income 
countries. This is going to end 
up as a classic global health issue, 
where rich countries forget about 
it but it continues to take a major 
toll in poor settings. 

But science is racing ahead 
with the [universal coronavirus] 
vaccine, and there’s been huge 


Pye ,, technology leaps towards mRNA 
™% = vaccines, [which is good news in 


= our fight against] malaria and HIV. 


os 


di ital 


people, not just vaccines and 
testing, but [improving] their 


underlying health. It might be that in 50 years, kids 
& are not dying from malaria 
je) 

Anearly empty motorway 2 because we can vaccinate them. 


fs) . 
2 There might be ways we emerge 
= from this in a better way. # 


during New Zealand's April 
2020 lockdown 
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News 


Anatomy 


Brain map Is most detailed ever 


A tiny cube of human brain contains 130 million neural connections 


Michael Marshall 


GOOGLE has helped create the 
most intricate map yet ofthe 
connections within the human 
brain. It reveals a staggering 
amount of detail, including 
patterns of connections between 
neurons, as well as what may 

be anew kind ofneuron. 

The brain map, which is 
freely available online, includes 
50,000 cells, all rendered in three 
dimensions. They are joined 
together by hundreds of millions 
of spidery tendrils, forming 
130 million connections called 
synapses. The data set measures 
1.4 petabytes, roughly 700 times 
the storage capacity ofan average 
modern computer. 

The resource is so large that 
the researchers haven't studied it 
in detail, says Viren Jain at Google 
Research in Mountain View, 
California. He compares it to the 
human genome, which is still 
being explored 20 years after 
the first drafts were published. 

It is the first time we have seen 
the real structure of such a large 
piece of the human brain, says 
Catherine Dulac at Harvard 
University, who wasn’t involved 
in the work. “There’s something 
just alittle emotional about it.” 

This mammoth undertaking 
began when a team led by 
Jeff Lichtman, also at Harvard 
University, obtained a tiny piece 
of brain from a 45-year-old woman 
with drug-resistant epilepsy. She 
underwent surgery to remove the 
left hippocampus, the source of 
her seizures, from her brain. To do 
this, the surgeons had to remove 
some healthy brain tissue that 
overlaid the hippocampus. 

Lichtman and his team 
immediately immersed the 
sample in preservatives, then 
stained it with heavy metals like 
osmium, so the outer membranes 
of every cell were visible under an 
electron microscope. Then they 
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embedded it in resin. Finally, 
they cut it into slices around 
30 nanometres thick, or about 
one-thousandth the width ofa 
human hair, and used an electron 
microscope to image every slice. 
At this point, Jain and his team at 
Google took over, assembling the 
two-dimensional slices — which 


1.4 


petabytes, the amount of data 
making up the brain map 


Jain calls “a deli slicer approach 
to the brain” —to form a three- 
dimensional volume. They used 
machine learning to reconstruct 
the tendrils linking one neuron to 
another and labelled different cell 
types (bioRxiv, doi.org/gkbsx7). 
All of this details just a tiny 
fraction of the brain. Jain says its 


scale is best understood by 
thinking ofa functional magnetic 
resonance imaging (fMRI) scan, 
used to show activity in different 
brain regions. “The entire data set 
we produced is a cubic millimetre, 
which is usually one pixel in an 
MRI scan,” he says. “It’s interesting 
to uncover all the stuff under the 
hood of one pixel ofan MRI.” 

For Dulac, the data set is “a 
trove of goodies for years to come”. 
The team has already made new 
discoveries: for example, there was 
a stark discrepancy in the numbers 
of connections between neurons. 

Normally, when a tendril 
from one neuron passed close 
to another, it would form just one 
synapse, or more rarely two to four. 
But there were also some tendrils 
that formed up to 20 synapses onto 
one target neuron, meaning this 
tendril by itself would probably be 


This brain map can be 
navigated in 3D with 
an online tool 


able to trigger that neuron to fire. 

The team also found mysterious 
pairs of neurons deep in the cortex 
that hadn’t been observed before. 
“The two cells pointed in exactly 
the opposite direction on the 
same axis,” says Lichtman. 
Nobody knows why. 

Brain mapping, or 
connectomics, has come a long 
way since its first breakthrough 
in the 1980s, when researchers 
mapped the 302 neurons in the 
nervous system ofa worm. Jain, 
Dulac and Lichtman were part of 
a group that, in 2020, argued for 
mapping an entire mouse brain 
at a similar level of detail. 

“A whole mouse brain is only 
1000 times bigger than this, an 
exabyte instead ofa petabyte,” 
says Lichtman. “It’s ona scale 
where we probably will be able 
to do that within a decade, I 
suspect.” Dulac wants to see 
how the cortex links to other 
parts of the brain, and mapping 
the mouse brain would reveal that. 

Mapping an entire human 
brain would need a data set that 
is a further 1000 times larger, 

a zettabyte, which Lichtman says 
is “comparable to the amount 
of digital content generated in 

a year by the planet Earth”. 

But doing so might not be 
worthwhile. “We may discover 
that a lot ofit is coding information 
that came in through experience, 
and therefore every brain will be 
something different from every 
other one,” says Lichtman. 
Without understanding how 
information is stored, the data 
would be gibberish, he says. 

A more immediate benefit 
would be to explore how the cell 
map differs in people with mental 
health conditions, says Dulac. I 


Space 


Strange icy balls may help us to 
crack mysteries of star formation 


Jason Arunn Murugesu 


TWO mysterious, gigantic icy 
balls of gas have been discovered 
in space and they could alter our 
understanding of how stars form. 
Takashi Onaka at Meisei 
University in Japan and his team 
found the objects when analysing 
data collected by the AKARI 
spacecraft, a Japanese observatory 
that examined the Milky Way in 
infrared from the 1980s until it 
suffered electrical failure in 2011. 
It is unclear exactly what the 
balls are, or even how far away 
they lie, but the distance between 
them as they appear in the sky 
suggests they are unrelated to 
each other. They seem to be 
star-sized spheres of carbon 
monoxide gas mixed with 
carbon dioxide and water ices, 
all containing a hotter source of 
energy (arxiv.org/abs/2105.11660). 
The researchers say nothing 
quite like this has been seen 
before. They think they have 
either spotted stars in the midst 
of being created or normal stars 
that are hidden behind a peculiar 
interstellar cloud. 
Both ideas have issues. The balls 
look similar to a typical young star, 


COURTESY OF ISAS/JAXA 


but stars usually evolve in clusters 
and these objects weren't ina 
known star-forming region. We 
have seen isolated stars before, but 
we know very little about them, 
including how they moved from 
where they were born, says Onaka. 
Ifthese objects are indeed 
young stars, that could have major 
implications for how often stars 
form in the Milky Way because it 
means we have underestimated 


The AKARI probe 
observed the Milky 
Way for decades 


or overlooked some stellar 
nurseries. “Ifthese are truly young 
stellar objects, it may change our 
understanding of the rate of star 
birth and thus could affect the 
evolution of galaxies,” says Onaka. 
If, however, the objects are just 
two ordinary stars hidden behind 
interstellar clouds, there is another 
mystery to solve. Such clouds are 
common, but these two appear to 
be unusually dense and isolated. 
Studying them could help broaden 
our understanding of the make-up 
of interstellar space, says Onaka. 
Rene Oudmaijer, who is at the 


University of Leeds, UK, says it 
would be a very important find if 
the balls turn out to be evolving 
stars. “It could mean young stellar 
objects have been escaping their 
birthplaces at very high speeds, 
which would imply that we may 
have missed an important class of 
object,” he says. “It may even mean 
that our theories of star formation 
need revisiting.” 

Tyler Pauly at the Space 
Telescope Science Institute 
in Maryland is less certain that 
these objects are unusual because 
there may be scenarios Onaka’s 
team hasn’t ruled out. 

“T would worry that any 
conclusions one way or another 
are difficult as lots of stars and 
dense clouds reside in the galactic 
plane, and so the line of sight... 
can get crowded,” he says. 

Onaka plans to use a large radio 
telescope to study the objects. He 
says evolving stars are typically 
surrounded by warmer gases that 
may not show up in infrared data, 
but should be picked up by radio 
telescopes. Such a detection would 
suggest the objects are probably 
young stellar objects. I 


Technology 


Cyborg cockroaches 
with cameras can 
be steered remotely 


A COCKROACH fitted with 
a “backpack” computer and 
infrared camera, controlled by 
electrodes, could help locate warm 
bodies in the rubble of buildings 
destroyed by earthquakes. 
Hirotaka Sato at Nanyang 
Technological University in 
Singapore and his colleagues fitted 
Madagascar hissing cockroaches 
with tiny computers connected to 
electrodes implanted in sensory 


organs known as cerci on the left 
and right side of each insect. When 
a current is applied to the organ, the 
insect rotates in that direction, and it 
stops when the current is removed. 
Although the cockroach can be 
steered, it can control its own legs. 
The cyborg insects had a success 
rate of 94 per cent when directed 
to waypoints in a simulated disaster 
scene ina lab. Using the infrared 
camera, the team could discern 
humans from non-human objects 
with an average accuracy of 87 per 
cent (arxiv.org/abs/2105.10869). 


light enough to be carried by the 
insect. Because the cockroach 
powers the motion, the range is 
significantly higher than it would 
be for a robotic device. 

The researchers believe hybrid 
computer-insect robots could 
be ideal for search-and-rescue 
missions in the wake of disasters 
like earthquakes, where swift 
discovery of survivors is essential 
but locations may be inaccessible. 


“It's unconventional but not 


out of the question to use 


The team says the apparatus could cockroaches in search- 


operate for 2.2 hours using a battery 


and-rescue situations” 


They hope to add real-time position 
tracking in the future so that human 
rescuers can be alerted when 

the cyborg finds a survivor. 

“Any tool that can be used to take 
human rescuers out of harm’‘s way 
or to speed up the search process 
would be highly beneficial,” says 
Alex Rogers at UK search-and- 
rescue charity SARAID. “Whilst 
the idea is unconventional, it would 
not be out of the question to use 
cockroaches. They would most 
likely not be used in isolation, but 
certainly could provide an extra 
option in the rescuer’s toolkit.” I 
Matthew Sparkes 
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News 


Palaeontology 


Sharks almost went extinct 
19 million years ago 


Karina Shah 


SHARKS living in the open 
ocean seem to have experienced 
a previously unknown mass 
extinction about 19 million 
years ago. The event may have 
wiped out nearly 90 per cent 
of sharks at the time. 

Many sharks are currently 
threatened with extinction 
as aresult of human activities, 
including overfishing, plastic 
pollution and illegal shark 


90% 


Percentage of oceanic 
sharks that may have died 
in amass extinction event 


finning. What makes this more 
striking is that sharks have 
existed for at least 420 million 
years and have been considered 
resilient to mass extinctions, 
several of which have happened 
during that time. 

Elizabeth Sibert at Yale 
University —- who conducted 
the study while at Harvard 
University — and Leah Rubin at 
the State University of New York 
College of Environmental 
Science and Forestry say they 
have now found the first 
evidence ofa mass extinction 
of the “pelagic” sharks that live 
in the open oceans. 

They isolated microfossils of 
shark scales, called ichthyolith 
denticles, from samples of mud 
taken from the sea floor in both 
the North and South Pacific 
Ocean. The mud samples come 
from the upper 15 metres of the 
sea floor, and were deposited 
over the past 40 million years. 

Sibert and Rubin counted 
and characterised a total of 
1263 fossilised denticles. They 
say the sediment samples reveal 
a sudden drop in the abundance 
and diversity of shark scales 
around 19 million years ago, 
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during the Miocene epoch. 

“There seems to have been 
a major extinction event in 
the early Miocene, which 
knocked out about 90 per cent 
of sharks in the open ocean,” 
says Sibert. This is more than 
twice the level of extinction 
that sharks experienced during 
the Cretaceous-Palaeogene 
extinction 66 million years ago, 
which wiped out the dinosaurs. 

Sibert says the extinction 
occurred relatively abruptly, 
geologically speaking, over 
a span of 100,000 years. 

The sharks don’t seem to have 
recovered following this drop, 
says Rubin. The abundance 
and diversity of shark scales 
in the mud have remained at 
the same level from 19 million 
years ago to the present day 
(Science, doi.org/gghf). 

The researchers are unsure 
why this mass extinction 
occurred. “There are no 
significant climate events 
during the early Miocene,” 
says Rubin. As sharks are top 
predators, the mass extinction 
must have cascaded down the 
food chain and affected other 
oceanic wildlife, she says. 


Ashark silhouette 
made using their 
fossilised scales 


“They have discovered an 
unknown [extinction] event,” 
says Nicholas Pyenson at the 
Smithsonian National Museum 
of Natural History in 
Washington DC. 

“It seems that the extinction 
here is highly selective, as only 
sharks appear to be impacted, 
rather than pelagic groups more 
generally,” says Matt Friedman 
at the University of Michigan in 
Ann Arbor. Selective extinctions 
are known throughout the 
geological record, and although 
it is early to speculate, the mass 
extinction may have only 
affected the biology of sharks, 
says Friedman. 

However, Charles Underwood 
at Birkbeck, University of 
London, remains sceptical. 
“Shark denticles, unlike shark 
teeth, have rarely been studied 
in detail,” he says. The change 
in shark denticle abundance and 
diversity could be related toa 
shift in denticle type. This means 
the fossil evidence may reflect a 
change in preservation potential 
of shark remains rather than 


an extinction event, he says. 
Today, there are more than 
400 species of shark left in 
the world’s oceans. However, 
oceanic sharks and rays have 
declined by more than 71 per 
cent over halfa century. 8 


Robots 


Walking robots have 
the potential to be 
far more efficient 


David Hambling 


THE current generation of 
robots with legs are significantly 
less efficient than they could be, 
which means the future for such 
machines may be bright. 
Alexander Kott at the US Army 
Research Laboratory (ARL) 
in Adelphi, Maryland, and his 
colleagues have performed an 
assessment using the Heglund 
formula, which describes the power 
needed by an animal of a specific 
size to move ata given speed. 
Originally used to study animals 
from cockroaches to elephants, it 
has now been applied by the team 
to wheeled and tracked vehicles. 
The study included vehicles from 
the Model T Ford to 35-tonne tanks, 
plotting engine power output 
against weight and speed. Most 
vehicles - and the animals also 
included in the analysis — followed 
the Heglund formula, but legged 
robots were conspicuous outliers. 


“The Atlas robot built 
by Boston Dynamics 
consumes 60 times as 
much power as predicted” 


For example, the humanoid 

Atlas robot manufactured by 

US firm Boston Dynamics 
consumes 60 times as much 
power when moving as is predicted 
(PLoS One, doi.org/ggw5). 

Kott says that animals achieve 
their efficiency with spring-like 
tissues, which conserve energy. 
Legged robots lack these, but 
“ongoing research in novel materials 
is likely to open opportunities 
for similar store-and-recycle 
approaches", he says. 

The US Army is looking at 
designs for a robotic cargo carrier 
for infantry squads, and current 
contenders all run on wheels 
or tracks. Eventually, walking 
robots should be efficient 
enough to compete. “Don't 
bet against legs,” says Kott. I 
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ATEM Mini Pro model shown. 


Introducing ATEM Mini Pro 


The compact television studio that lets you 
create presentation videos and live streams! 


Blackmagic Design is a leader in video for the television industry, 
and now you can create your own streaming videos with ATEM Mini. 
Simply connect HDMI cameras, computers or even microphones. 
Then push the buttons on the panel to switch video sources just likea 
professional broadcaster! You can even add titles, picture in picture 
overlays and mix audio! Then live stream to Zoom, Skype or YouTube! 


Create Training and Educational Videos 

ATEM Mini’s includes everything you need. All the buttons are positioned on 
the front panel so it’s very easy to learn. There are 4 HDMI video inputs for 
connecting cameras and computers, plus a USB output that looks like a webcam 
so you can connect to Zoom or Skype. ATEM Software Control for Mac and PC 
is also included, which allows access to more advanced “broadcast” features! 


Use Professional Video Effects 

ATEM Mini is really a professional broadcast switcher used by television stations. 
This means it has professional effects such as a DVE for picture in picture effects 
commonly used for commentating over a computer slide show. There are titles 
for presenter names, wipe effects for transitioning between sources and a 
green screen keyer for replacing backgrounds with graphics. 


- Learn more at www.blackmagicdesign.com 


Live Stream Training and Conferences 
The ATEM Mini Pro model has a built in hardware streaming engine for live 


streaming via its ethernet connection. This means you can live stream to YouTube, 
Facebook and Teams in much better quality and with perfectly smooth motion. 
You can even connect a hard disk or flash storage to the USB connection and 
record your stream for upload later! 


Monitor all Video Inputs! 

With so many cameras, computers and effects, things can get busy fast! The 
ATEM Mini Pro model features a “multiview” that lets you see all cameras, titles 
and program, plus streaming and recording status all on a single TV or monitor. 
There are even tally indicators to show when a camera is on air! Only ATEM Mini 
is a true professional television studio in a small compact design! 


ATEM Mini... US$295 
ATEM Mini Pro... US$495 
ATEM Mini Pro ISO...US$795 
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News 


Space exploration 


NASA plans two Venus missions 


The atmosphere and surface of Earth’s toxic sibling will get a closer look 


Leah Crane 


THE solar system’s new hot 
destination is Venus. NASA has 
announced two missions to study 
Earth’s nearest neighbour, both 
expected to launch between 2028 
and 2030. 

The first mission is called Deep 
Atmosphere Venus Investigation 
of Noble gases, Chemistry, and 
Imaging (DAVINCI+). It consists 
of a spherical probe that will 
parachute through the planet’s 
toxic atmosphere, measuring its 
composition and structure on its 
way down to the surface, where 
it is likely to melt within afew 
minutes oflanding. 

Ifall goes well on the descent, 
DAVINCI+ will also take pictures 
of strange surface features called 
tesserae that some researchers 
think will be key to understanding 
Venus’s geological history. 

The probe may also shed light 
on observations of phosphine gas 
in Venus’s atmosphere, which 
have been controversial since they 
were announced in September 
2020. If the spacecraft finds 
compelling evidence of the 
chemical phosphine, it may bea 
sign of life in the Venusian clouds. 
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The other mission is an orbiter 
called Venus Emissivity, Radio 
Science, InSAR, Topography, and 
Spectroscopy (VERITAS). “SAR” 
in the name stands for synthetic 
aperture radar, which will allow 
VERITAS to peer through Venus’s 
thick atmosphere to build a 3D 
model ofits surface. The orbiter 
will also look for active volcanism 
and liquid on the surface, and 
measure its composition. 


Amock-up of the VERITAS 
orbiter, which will map the 
surface of Venus 


These two spacecraft were 
selected from four finalists as part 
of NASA’s Discovery Program, 
through which the agency funds 
relatively small and inexpensive 
missions. Previous Discovery 


missions include Mars Pathfinder, 


which carried the first Mars rover; 
the Dawn mission to Ceres and 
Vesta; the Kepler space telescope 
and the InSight Mars lander. 

The DAVINCI+ and VERITAS 
teams will each get about $500 
million to further develop their 
plans. When they launch, they 
will mark NASA’ first missions 


to Venus in nearly 40 years. 
“VERITAS and DAVINCI+ will not 
answer all our outstanding Venus 
questions, but they will enable 
us to take a massive step forward 
in understanding why our 
planetary sibling isn’t our twin,” 
says Paul Byrne at North Carolina 
State University. 
These two missions will help 
us figure out why Venus and 
Earth are so different. While 
the two are similar sizes and at 
relatively similar distances from 
the sun, Earth is lush and green 
and Venus is an inhospitable 
hellscape. It’s not clear exactly 
when or how they diverged, 
but understanding that could be 
crucial in the hunt for habitable 
worlds beyond our solar system. 
“It is astounding how little 
we know about Venus, but the 
combined results of these 
missions will tell us about the 
planet from the clouds in its sky 
through the volcanoes on its 
surface all the way down to its very 
core,” said Thomas Wagner, NASA‘s 
Discovery Program scientist, in 
a statement. “It will be as if we 
have rediscovered the planet.” 


Health 


Colour-changing 
tampons could 
detect UTIs 


TAMPONS and sanitary pads that 
have been modified to change 
colour in the presence of a fungus 
that causes some urinary tract 
infections (UTIs) could help to 
diagnose such conditions in places 
with limited access to healthcare - 
though the current design turns 
pink, which may not be very useful. 
UTIs are incredibly common: 
worldwide, more than half of adult 
women have had at least one. The 


16 | New Scientist | 12 June 2021 


standard way to diagnose a UTI is to 
collect a urine sample and test it ina 
lab, but these facilities are often less 


available in lower-income countries. 


Now, Naresh Mani and his team 
at the Manipal Institute of 
Technology in India have created 
cotton fibres that can detect a yeast 
called Candida albicans, the most 
common form of fungal UTI. 

The researchers soaked the fibres 
in an amino acid that breaks down 
in the presence of an enzyme 
secreted by C. albicans. They placed 
the fibres inside tampons and pads 
and applied a simulated vaginal 
discharge made from blood serum, 


acids, urea and C. albicans. In both 
cases, the fibres turned a pinkish 
colour, signalling an infection 
(ACS Omega, doi.org/ggdn). 

The team only tested the fibres 
in the lab and haven't yet trialled 
them in people, but Mani says that 
menstrual blood could obscure the 
change in colour. The team hopes 
to find an alternative amino acid 
that produces a more visible colour. 

Mani says the final product 


“Any item that could 
balance gender injustice 
would be helpful, but 
costs can be a concern” 


should be cheap at around 20p 
per tampon or pad, but José 
Santos, a member of a missionary 
organisation called Casa Fiz do 
Mundo that tackles period poverty 
in Sdo Tomé and Principe, says 
this may still be unaffordable. 

“Any item that could balance 
gender injustice would be helpful, 
but costs can be a concern,” he says, 
noting that the legal minimum wage 
in the country is equivalent to £39 a 
year. “Pads and tampons are already 
inaccessible to women there. This 
type of product is welcomed, but it 
has to be economically viable.” ff 
Barbara Pinho 
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News 


Astronomy 


Cosmic collisions 
may push huge 
black holes off-kilter 


Leah Crane 


NEARLY every large galaxy hosts 
a supermassive black hole at 

its centre, but sometimes these 
enormous objects may bounce 
away from the middle of their 
home. A new search has found 
nine such off-centre black holes, 
which may help us figure out how 
supermassive black holes formed. 

In the early universe, galaxies 
and black holes formed and evolved 
together. Supermassive black holes 
are the most massive objects in 
any galaxy, so they inevitably ended 
up in the centres of their galaxies. 

But over time, galaxies crash 
together and merge. When their 
separate black holes have different 
masses or spin in different 
directions, the recoil can send 
the final, combined black hole flying 
towards the galaxy’s edge at up 
to 500 kilometres per second, 
where it can remain for millions 
or billions of years before drifting 
back towards the centre. 

Charlotte Ward at the University 
of Maryland and her colleagues 
sifted through data on 5493 active 
galactic nuclei - supermassive black 
holes that release huge amounts 
of light - from the Zwicky Transient 
Facility in California. They found 
nine that appear to be products 
of mergers and were pushed 
away from the centres of their 
galaxies (The Astrophysical Journal, 
doi.org/gj8s7f). If confirmed, these 
could disentangle the effects of 
black hole seeds from the effects 
of mergers, helping us to solve 
the mystery of how supermassive 
black holes form. 

“Because these events are very 
dramatic and extreme, every time 
a candidate is presented in the 
literature, it’s met with a lot of very 
justified scepticism because it's very 
hard to prove that it was a recoil 
event,’ says Ward. The team plans 
to examine the candidates in more 
detail and continue to look for more 
strange, off-centre black holes. ff 
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Genetics 


Parasitic ants keep evolving 
to lose smell and taste genes 


Jake Buehler 


TO MOST ants, smell and taste 
are everything. But some 
parasitic ant species have lost 
genes that drive these senses — 
a shake-up that may be due to 
the way they outsource some 
tasks to host species. 

Interpreting subtle chemical 
cues via smell and taste help 
ants hold societies together. 
This “chemoreception” is 
used in everything from group 
foraging to recognising nest 
mates. But not all species of ant 
interact with each other in the 
same way. Some ants are social 
parasites that raid the nests 
of other, closely related ant 
species, steal their workers and 
eventually become dependent 
upon their captives’ labour. 

To unveil the evolutionary 
impacts of this parasitic 
lifestyle, Erich Bornberg-Bauer 
at the University of Munster in 
Germany and his colleagues 
delved into the insects’ 
genomes - their full genetic 
instructions. The team analysed 
the genomes of eight ant 
species: three parasites, their 
three host species and two 
non-host species. 

The team found that the 
parasitic ants — Harpagoxenus 
sublaevis, Temnothorax ravouxi 


and Temnothorax americanus — 
had half as many taste receptor 
genes compared with their 
hosts and the non-host ants. 
The parasites had also lost about 
a quarter of their olfactory 
genes, which are involved in 
smell (bioRxiv, doi.org/ggh)). 
Greg Pask at Middlebury 
College in Vermont, who wasn’t 
involved with the work, says he 


50% 


Proportion of taste receptor 
genes lost in parasitic ants 


expected some loss of these 
receptor genes, but not to the 
degree revealed. In general, 
olfactory genes are massively 
multiplied in ants compared 
with other insects, implying 
that they are important for 
ant survival, he says. 

Relying on host ants fora 
range of tasks that involve heavy 
use of smell and taste may allow 
these chemoreceptor genes to 
wane over evolutionary time. 

“If you don’t have to forage 
and do alot of the major work 
where you need chemosensory 
activity, then you have no 
pressure to maintain those 
genes,’ says Pask. 


A female ant of 
the Temnothorax 
americanus species 


Bornberg-Bauer thinks the 
evolution of sociality requires 
not only the gain of some 
functions, but the suppression 
of others. For these parasitic 
ants, he says, “less can be more”. 
His team expected to find gene 
losses, but they “were surprised 
to find that the same receptors 
were lost over and over again”. 

Even though the three 
parasitic ant species evolved 
their habits independently of 
one another, they lost many 
of the same olfactory genes, 
hinting that this sensory retreat 
may assist the parasitic lifestyle. 
If parasitic ants have a harder 
time recognising their host 
workers’ smell, they may be 
more likely to accept their free 
labour rather than react with 
a knee-jerk attack response, 
suggests Pask. 

The three parasitic ant species 
also lost some taste-related 
genes shared between them, 
but the number of those was 
low enough that these could 
have been lost due to chance 
and not by the evolution of 
the ants’ parasitic lifestyles. 

Franne Kamhiat Oberlin 
College in Ohio, who wasn’t 
involved in the work, says the 
discovery of chemoreceptors 
not needed by parasitic ants 
could also help us determine 
“which of these genes are 
important for different aspects 
of social behaviours in non- 
parasitic ants”. 

For Pask, having eight more 
ant genomes from species with 
varying lifestyles is a boon for 
understanding how different 
traits acted in the evolutionary 
origins of ants’ complex, highly 
organised societies. I 
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News Insight 


Medicine 


Drug Safety in pregnancy 


New drugs are rarely tested during pregnancy, leaving harmful gaps in 
our medical knowledge. Will that ever change, asks Melba Newsome 


ITIS generally accepted that the 
best way to confirm that a new 
drug or therapeutic is both safe 
and actually works is to test it 
in clinical trials, administering 
it to a wide range of people 

in an attempt to discover any 
unexpected effects. But there 

is one group we don’t usually 
test: pregnant people, meaning 
pregnant women, pregnant trans 
men and anyone outside those 
categories who is pregnant. 

Until recently, there was near 
unanimous agreement that 
exposing a fetus to a drug under 
study is unethical, leading to 
holes in what we know about the 
safety and use of medications in 
pregnancy. Now, in a seismic shift 
spurred on by the coronavirus 
pandemic, medical ethicists have 
said that the continued exclusion 
of people who are pregnant or 
lactating in biomedical research is 
wrong, given the heightened risks 
of severe infection and disease 
that many of them face. 

For example, data from the US 
Centers for Disease Control and 
Prevention (CDC) found that 
one-quarter of women aged 15 to 
49 who were hospitalised with 
covid-19 between 1 March and 
22 August 2020 were pregnant. 
Only 5 per cent of US women in 
this age group are pregnant at 
any one time, suggesting a much 
higher rate of hospitalisation 
due to covid-19. 

As the US vaccination roll-out 
began last year, the CDC created 
asmartphone app to monitor 
recipients for any health 
problems. Pregnant people who 
received a covid-19 vaccination 
within the 30 days before their 
last menstrual period or during 
pregnancy could report any 
post-vaccination side effects. 

Laura Riley at Cornell 
University, New York, says these 
well-intentioned efforts don’t 
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Anurse helps a pregnant 
woman in Paris, France, 
during the coronavirus 
pandemic 


50. 


of pregnant women in the US 
take at least one medication 
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make up for not collecting this 
data during the initial vaccine 
trials. “According to the [CDC], 
100,000 pregnant women have 
been vaccinated against the 
coronavirus,” says Riley. “Those 
women made the decision that 
the risk of the vaccine was less 
than the risk of getting and 
doing very poorly from covid, 
which is a clear possibility.” 

It didn’t have to be this way. 
In 2018, the US Food and Drug 
Administration (FDA) released 
draft guidance for clinical trials 
saying that filling the knowledge 
gaps about medications during 
pregnancy was a “critical public 
health need”. When the revised 
US research regulations went into 
effect in January 2019, pregnant 
women were no longer designated 
as “potentially vulnerable to 
coercion or undue influence”, 


opening the door to including 
them in trials. 

Richard Beigi at the University 
of Pittsburgh, Pennsylvania, leads 
numerous investigations into the 
study of immunisations and 
therapeutics in pregnant and 
lactating women. He says we need 
to think differently about how we 
approach research and pregnancy. 


Time for change 


“In. alittle over a decade, we’ve had 
three to four disease outbreaks 
that were very relevant for 
pregnant women,” says Beigi, 
referring to the H1N1 swine flu 
pandemic in 2009, the 2013 to 2016 
Ebola outbreak in West Africa, the 
2015 to 2016 Zika virus epidemic 
in the Americas and the current 
coronavirus pandemic. “The best 
way to protect and serve pregnant 


women is through research.” 

Evan Myers sits on the ethical 
review board at Duke University, 
North Carolina, and evaluates 
the justification and methods 
used to exclude pregnant people 
from research trials. He says the 
tide began to turn about 20 years 
ago, but has accelerated in the past 
decade because there has beena 


“We keep pregnant people 
on medications, yet very 
few have actually been 
truly studied in pregnancy” 


recognition that scientists and 
researchers probably overcorrected 
after the effects of thalidomide 
taken in pregnancy were seen in 
the 1960s (see “Thalidomide 
tragedy”, below right). 

“There are many things we 
don’t know because it’s very rare 
that a pregnant woman would 
have been included [in the clinical 
trials] and so there’s no data at all,” 
says Myers. 

For decades, most clinical trial 
guidelines globally have included 
provisions intended to prevent 
pregnant participants. Oversight 
committees minimised the 
likelihood of pregnancy while 
trials were underway by requiring 
participants to agree to use 
contraception and take regular 
pregnancy tests. Those who 
became pregnant were removed 
from the trial. 

The justification has always 
been to protect them and their 
fetus from harm, but Myers says 
this is often unnecessary. 

“These consent forms might 
have a whole page about the risk 
to a pregnancy when it’s really not 
applicable,” he says. “I often see 
this for studies for women who 
have heart failure. Ifa woman with 
heart failure gets pregnant, there’s 
a50 per cent or higher chance that 
she'll die during pregnancy. If she 


did get pregnant, any physician 
would recommend she have an 
abortion to save her own life.” 

Instead, trials should take into 
consideration the likelihood ofa 
pregnant person being a candidate 
for a drug, and balance that 
against the risk of embryonic or 
fetal harm based on data from 
animal studies, says Myers. This 
would help pharmaceutical firms 
decide at which point in their 
research they should gather data 
on pregnancy. “Lower theoretical 
risk of embryonic/fetal harm and 
high likelihood someone who has 
the condition might be pregnant 
argues for as early as possible,” 
says Myers. 

The current overly cautious 
approach has led to profound 


Thalidomide tragedy 


The exclusion of pregnant people 
from clinical trials is largely about 
avoiding another thalidomide. 
The drug first became available in 
Germany in 1956 as an anti-flu 
drug, and was then marketed as 
a sedative in 1957. By 1960, 
it was available in 46 countries, 
and used to treat nausea in early 
pregnancy, despite a lack of 
testing in pregnant people. 
At the time, scientists didn’t 
know that drugs could cross 
the placenta and harm a fetus. 
It took five years to connect the 
thalidomide taken by pregnant 
people to the shortened or 
missing limbs of their babies. 
Researchers later found that it 
only had an impact in the early 
weeks of pregnancy - after 
37 days post-conception, the 
drug had no effect on the fetus. 
The UK government warned 
against the drug's use in 
May 1962. The US Food and 
Drug Administration never 
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knowledge gaps about the safety 
and efficacy of medications during 
pregnancy even as more people 
become pregnant later in life and 
so are more likely to have chronic 
conditions that require ongoing 
treatment. According to the FDA, 
at least 50 per cent of pregnant 
women in the US say they take 

at least one medication. 

“We keep them on those 
medications, yet very few of them 
have actually been tested and truly 
studied in pregnancy,’ says Riley. 
“In addition to the safety of 
medications, it’s not even clear 
that we’re using the right dose 
because the physiology of 
pregnancy is different.” 

Even though there is wide 
agreement that pregnant people 


Thalidomide can cause 
disabilities in babies when 
taken during pregnancy 


approved thalidomide because of 

incomplete and insufficient data. 
This episode led to changes 

in the way drugs are approved 

around the world. Drugs intended 

for human use must now be 

tested in humans, not just in 

animals, while those marketed 

to pregnant people must have 

been shown to be safe for use 

in pregnancy. 


should be included in research, 
how to do this is less clear. A group 
set up to advise the US Secretary 
of Health and Human Services 

on the issue made a number of 
recommendations in a 2019 report. 


Industry buy-in 


Suggestions included increased 
funding to allow the collection 
of better drug safety data before 
human trials begin and 
encouraging trials to be designed 
to capture long-term outcomes 
for pregnant people. It also 
recommended training more 
researchers to have expertise 

in obstetric and lactation drugs 
and therapies and promoting 
the importance of research in 
pregnant and lactating people. 

The group also suggested 
incentivising pharmaceutical 
firms to develop products for 
conditions specific to pregnancy 
by, among other things, reducing 
their liability by implementing a 
no-fault system for injury claims. 
Similar litigation schemes 
already operate for claims about 
potential harms caused by 
vaccines in countries including 
the US and UK. 

Getting this buy-in from the 
pharmaceutical industry is 
probably the biggest challenge. 
Miscarriages and congenital 
disabilities are fairly common, 
so establishing a link toanew 
drug would require a study with 
a large sample size, which is more 
difficult to run. “It would cost a 
lot to demonstrate safety and that 
wouldn’t completely eliminate 
the chances of legal claims, and 
the size of the potential market 
isn’t very big,” says Myers. 

In other words, if we want 
pregnant people to be included 
in clinical trials —and we do-— 
then someone is going to have 
to pay for it. 
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News In brief 


Animal behaviour 


The dog-human 
bond is in the genes 


DOMESTIC dogs are born to 
socialise with people because we 
bred them that way. Two-month- 
old puppies can recognise when 
people are pointing at things and 
will gaze at our faces when they’re 
spoken to — both signs that dogs 
have an innate capacity to interact 
with us through body language. 
Emily Bray at the University of 
Arizona and her team tested these 
skills in 375 8-week-old Golden 
retriever and Labrador puppies. 
That is just old enough to be 
motivated by food rewards. 
Pointing at food hidden under 
acup helped the puppies to find it 
nearly 70 per cent of the time. The 
success rate was that high from 
the start, meaning they weren't 
learning to follow pointing, but 
already knew to do so, says Bray. In 
acontrol test, the puppies couldn't 
find food hidden under one of two 
cups at a rate better than random 
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chance, indicating that they 
weren't simply smelling it. 

Much of the variation in 
ability to follow finger-pointing is 
explained by genetics, says Bray. 
Using statistical analyses based 
on the puppies’ parents and other 
relatives, the team found that 
genetic factors were responsible 
for 43 per cent of these variations. 

In another test, researchers 
spoke “baby talk” to the dogs and 
found they gazed at the person for 
more than 6 seconds on average — 
representing an understanding 
that they were communicating 
with them. Again, genetic factors 
accounted for about 40 per cent 


of the differences among the dogs. 


However, when the puppies 
couldn’t open a box filled with 
food ina third experiment, they 
only gazed at the researcher’s face 
for about a second, meaning they 


weren't seeking human assistance. 


This suggests they didn’t yet have 
the social skills necessary to ask 
for help (Current Biology, doi.org/ 
gkc6wb). Christa Lesté-Lasserre 
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Zoology 


Superspeed of the 
elephant’s trunk revealed 


EXTREME suction helps elephants 
hold water and food in their trunks 
and allows them to inhale at speeds 
many times that of a human sneeze. 

Elephants use their trunks ina 
variety of ways: to forage for food, 
to drink and even as a snorkel when 
wading through deep water. 

To understand the trunk in action, 
Andrew Schulz at the Georgia 
Institute of Technology and his team 
filmed a 34-year-old female African 
savannah elephant (Loxodonta 
africana) at a zoo in Atlanta. 

They filled an aquarium with 
a certain volume of water and 
measured how long the elephant 
spent sucking up liquid from 
the tank via its trunk. They then 
measured the volume of water left. 

The researchers calculated that 
elephants suck up water with what 
would be an equivalent air velocity 


Education 


Grades suffer if 
lectures are early 


UNIVERSITY students tend to get 
lower grades if their classes and 
lectures are early in the morning. 

Attending classes and sleeping 
well are both associated with 
performance at university. 

To investigate the impact of 
early morning lectures, Joshua 
Gooley at Duke-NUS Medical 
School in Singapore and his team 
analysed the grades of 27,281 
undergraduates at the National 


of 150 metres per second. “That 
is around 30 times the speed of 
the human sneeze,” says Schulz - 
when we sneeze, we exhale air with 
a velocity of 4.5 metres per second. 

Schulz and his team also 
estimated the trunk’s capacity by 
examining the internal volume of a 
similar-sized trunk from a 38-year- 
old African elephant that had been 
put down because of medical issues. 
Measurements revealed that the 
elephant was able to inhale a lot 
more water than the estimated 
volume of its relaxed trunk. 

Using ultrasound imaging, 
the researchers found that by 
dilating its nostrils by 30 per cent, 
an elephant can increase its nasal 
cavity volume by 64 per cent 
(Journal of the Royal Society 
Interface, doi.org/ggjp). 
Karina Shah 


University of Singapore before 
the covid-19 pandemic. 

On average, those with more 
days of morning classes had a 
lower overall grade than those 
with more afternoon classes. The 
students with no morning classes 
at all had a higher overall grade, 
on average, than all other groups. 

The team also found attendance 
was lower at early morning 
classes. For students with lectures 
at 8am, it was 15 per cent lower 
than at classes at 10am or later. 

To understand why students 
weren't attending morning 
classes, the researchers gave 181 
of them a sensor that can measure 
sleep cycles and activity. “In nearly 
a third ofinstances for 8 o’clock 
classes, students didn’t wake up 
in time to reach their class,” says 
Gooley. Conversely, they rarely 
slept past the start of classes 
that began at noon or later 
(bioRxiv, doi.org/ggjs). 

The researchers suggest 
their findings could help inform 
changes in class schedules. KS 
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Really brief 


People canlearn 
how to echolocate 


Blind people can quickly 
learn how to navigate 
better by being taught to 
use echolocation. Twelve 
participants who were blind 
were trained over 10 weeks 
to make sense of their 
environment by using their 
mouths to make clicks. 

In a follow-up survey, all 12 
reported improved mobility 
(PLoS One, doi.org/ggf7). 


Warming threatens 
many iconic species 


Wildlife ranging from 
bluebells and bumblebees 
to snow leopards and 
emperor penguins is under 
threat if the world warms 
by more than 1.5°C. 
Conservation charity 
WWF's Feeling The Heat 
report warns that climate 
change is creating 
conditions that many 
species can't cope with. 


Arctic seaiceis 
thinning faster 


Some Arctic sea ice is 
thinning faster than we had 
assumed. Ice thickness is 
estimated by measuring 
how high above sea level 
the ice surface sits, but 
snow on the ice weighs it 
down. A better estimate of 
snow thickness suggests 
the ice below is thinner than 
thought (The Cryosphere, 
doi.org/gjg9kd). 
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Technology 


Dream of hack-proof 
network gets aboost 


A SECURE quantum internet is a 
step closer thanks to a quantum 
memory made from a crystal. 

There has long been a vision of 
a quantum version of the internet, 
to allow quantum computers to 
communicate via particles of light 
called photons. This relies on pairs 
of photons having a property 
called quantum entanglement. 

However, photons get lost when 
transmitted through long lengths 
of fibre-optic cable. For normal 


Biomimetics 


Barnacles inspire glue made 
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photons, a device can be used to 
simply measure and retransmit 
them. But for entangled photons, 
any attempt to measure or amplify 
them changes their state, which 
somehow needs to be preserved. 
The solution is a procedure 
called quantum teleportation. 
This involves simultaneously 
measuring the state of one 
photon from each of two pairs 
of entangled photons, which 
effectively links the most distant 
two photons in the chain. But that 
introduces another problem — all 
of your entangled pairs have to be 
ready at the same time to forma 


of silk that works underwater 


A NON-TOXIC underwater glue 
inspired by barnacles is stronger 
than most synthetic adhesives. 
Barnacles use various methods to 
stick to rocks or boats. In particular, 
they layer protein filaments into 
acement-like structure that is 
cross-linked for strength. These 
filaments — called byssus - form 
into polymers on the surface the 
shellfish wants to cling to. In nature, 
they are then strengthened by 
iron-containing complex molecules. 
Fiorenzo Omenetto at Tufts 
University in Massachusetts and his 
colleagues sought to replicate that 
using silk from silk worms. Unlike 
byssus, silk is a readily available 


biological material. By engineering it 
to have the adhesive properties that 
barnacles use, it should be possible 
to create products to rival industrial 
glues, often made from petroleum. 

Omenetto's team treated silk 
fibroin protein with polydopamine, 
a polymer of dopamine, which acted 
like the cross-linking of the barnacle 
filaments. The adhesive was then 
cured with iron chloride, replicating 
natural iron complexes. 

The result was an adhesive that 
could cling to surfaces underwater 
even when put under stresses of 
up to 2.4 newtons per square 
millimetre (Advanced Science, 
in press). Chris Stokel-Walker 


chain, which becomes harder over 
longer distances. To solve this, you 
need a quantum memory. 

Hugues de Riedmatten at the 
Institute of Photonic Sciences in 
Castelldefels, Spain, and his team 
used yttrium orthosilicate crystals 
to create such a memory. This 
allowed quantum communication 
in 50 metres of fibre-optic cable, 
but should work over 5 kilometres. 

The team was able to use the 
kind of cables that are already 
used in data networks, making 
the crystals suitable for real-world 
applications (Nature, doi.org/ 
gkch8k). Matthew Sparkes 


Marine biology 


Atlantic whales 
are shrinking 


RIGHT whales in the North Atlantic 
Ocean born today will grow to be 

1 metre shorter, on average, than 
those born in the early 1980s. 

Joshua Stewart at the National 
Oceanic and Atmospheric 
Administration in San Diego, 
California, and his colleagues have 
investigated how North Atlantic 
right whales (Eubalaena glacialis) 
have changed over time. 

The whales have been 
monitored for decades, 
and researchers can identify 
individuals and know when each 
was born. Stewart’s team used 
length measurements of 129 of 
the whales born between 1981 and 
2019. The researchers then paired 
these measurements with each 
whale’s birth year. 

Whales born in 1981 were 
typically longer as fully grown 
adults than whales born more 
recently. The work suggests that, 
on average, for every year after 1981 
a given whale was born, its body 
length was 2.5 centimetres shorter. 
This corresponds to a7.3 per cent 
decline in maximum body length 
and means a whale born this year 
would be expected to reach an 
adult size a metre shorter than 
that ofa right whale born in 1981 
(Current Biology, doi.org/gkc6wc). 
The exact cause isn’t known. KS 
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THE COSMOS SERIES - . 
CHAMKAUR GHAG 
THE DARK MATTERS - 


Thursday 24 June 2021 6-7pm BST, 1- 2pm EDT and on-demand * 


Dark matter is holding aaa ie our own together, 

and even streaming through our bodies right now, but we | 
know very little about it. Understanding its nature is one of’ 
the most important scientific missions of our time. 


In this talk astroparticle physicist Chamkaur Ghag will take 
you to the frontiers of current research to explore searches 
for dark matter in deep underground laboratories and the 
wide cosmos, in muscular particle colliders and with delicate 
quantum sensors. Are we on the verge of a breakthrough 
that will propel us into the dark side? 


Also included in the COSMOS series: 


THE FIRST STARS 
WITH EMMA CHAPMAN 
Thursday 22 July 6-7pm BST, 1-20m EDT and on-demand 


For more information and 
to book your place visit: 


newsclientist.com/dark-matters 
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Don’t judge 


It’s incredibly important that we start believing people when 
they ask for help with their mental health, says Lucy Foulkes 


HEN Meghan Markle 
W said she thought of 
ending her life during 


her time living with the royal 
family in the UK, people online 
said: No, actually, you didn’t feel 
like that. When British MP Nadia 
Whittome said she was taking 
time off because she had PTSD, 
again people said no, she’s just 
stressed, stress is normal. And 
when tennis player Naomi Osaka 
recently said she would stop 
giving press conferences because 
of the impact they have on her 
mental health, people decided 
for themselves what that phrase 
meant, and concluded she was 
being unfair, unreasonable and 
overdramatic. 

It is relevant that these three 
public figures are women of 
colour, and therefore especially 
likely to be scrutinised. But it 
is also indicative ofa deeply 
problematic trend in the way 
mental health is being discussed 
in the public domain. 

Mental distress is largely 
invisible. You can’t necessarily see 
symptoms of most mental health 
conditions, things like depression 
and social anxiety (both of which 
Osaka has experienced). And when 
the person talking about their 
difficulties is famous or successful, 
it is easy to be sceptical. It is simple 
to think: well, they look fine. 

This disbelief happens when 
_ it comes to regular joes too. For 
% example, undergraduate students 
@ today commonly talk about their 
@ mental health problems, and 
= think the suspicion of some 


academics is obvious. Students 
can’t all be that unwell, the logic 
goes, so none of them are. 

Part of the problem, ironically, 
is exactly how much we are talking 
about this. Spearheaded by charity 
campaigns like Time To Change, 
there has been a huge drive to talk 
more openly about all and any 
mental health problems. This, 
paired with vagueness around the 
right terminology to use, means 
people are more confused than 
ever about what mental distress 
does and doesn’t “count”, and 
what we should do about it. 

But here is the real crux: you 
have to believe people. You have to 
take their descriptions of mental 
distress at face value, just as 


doctors have to believe the person 
sat in front of them, otherwise the 
whole system falls apart. Even 
those with acute mental health 
problems — in a bad enough way to 
end up in emergency rooms — say 
they aren’t taken seriously. 

In spite of the awareness-raising 
efforts, stigma and mistrust are 
still key reasons why people don’t 
seek mental health treatment. But 
for health systems and society at 
large to work effectively, we need 
to believe people when they 
describe how they feel — including 
the vast number of experiences 
that we cannot or did not see. 

It would help to remember 
that anyone can develop mental 
health problems ora mental 


health condition, even celebrities. 
This is partly because these 
symptoms are linked to biological 
vulnerabilities —- anything from 
inflammation to overactive brain 
regions — and biology doesn’t care 
if you are famous. But these 
vulnerabilities also interact with 
stress in the outside world, and 
celebrities experience stress too. 

The nature of the stress might 
be different. Celebrities don’t tend 
to be in overcrowded housing 
or worrying about where their 
next meal is coming from. But 
loneliness and persecution — 
which are often experienced by 
celebrities hounded by the press — 
are well-established triggers for 
mental distress and illness. 

It isn’t easy to alleviate mental 
health problems. But since stress 
clearly exacerbates the issue, 
reducing it is an obvious way 
to help. If someone like Osaka 
says what they need under the 
glaring lights of the media, 
people in power should actually 
do something about it. Mental 
health awareness is one thing, 
but what we need now is mental 
health support. When someone 
puts up their hand, whoever they 
are, we have to listen. # 


Need a listening ear? UK Samaritans: 
116123 (samaritans.org). 

For contact details in other countries: 
bit.ly/SuicideHelplines 


Lucy Foulkes is an honorary 
lecturer at University College 
London. Her book, Losing 
Our Minds, is out now 
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Annalee Newitzis a science 
journalist and author. Their 
latest novel is The Future of 
Another Timeline and they 
are the co-host of the 
Hugo-nominated podcast 
Our Opinions Are Correct. 
You can follow them 
@annaleen and their website 
is techsploitation.com 


Annalee’s week 


What I’m reading 
Benjamin Rosenbaum’s 
novel The Unraveling, 
a brilliant tale of love 
and revolution among 
humans whose minds 
are networked across 
multiple bodies. 


What I’m watching 

Wu Assassins, a TV series 
about martial arts, magic, 
gangsters and restaurant 
management. 


What I’m working on 
A short history of 

fans who organised 
campaigns to influence 
their favourite shows. 


This column appears 
monthly. Up next week: 
James Wong 
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This changes everything 


The 40,000-year-old tradition of new media Amazon has 
acquired the movie studio MGM. The move by the streaming giant 
is just following an ancient pattern, writes Annalee Newitz 


97-year-old movie studio 

MGM for $8.45 billion. 
Although that is ahuge amount 
of money, there is something 
almost routine about the 
transaction at this point. 
MGM owns some of the rights 
to James Bond and a few other 
popular franchises, so there 
is talk about how big tech is 
about to ruin more nice things. 

Obviously, Amazon is trying 

to lure more customers to MGM’s 
catalogue, and sure, it is possible 
that Amazon will ruin our love 
for Agent 007 witha romcom 
about wacky high jinks when 


I N LATE May, Amazon bought 


people painted pictures of animals 
and humans on the ceiling more 
than 40,000 years ago, using the 
latest Palaeolithic technologies: 
ochre inks, brushes and probably 
bamboo scaffolding that allowed 
them to reach high places to 
paint. Other cave art from the 
same era includes creatures called 
therianthropes, or human-animal 
hybrids — in this case, “bird people” 
drawn with beaks and tails. 

It is the first known example of 
a story about non-existent beings. 
Maybe it is also one of the earliest 
moments in history when a new 
medium - painting — swallowed 


James Bond marriesa surveillance “Your ancestors 


drone. But Iam done yelling 
about the death of media and 
dumbing down of content. 

At this point, we should know 
that new media companies eat 
the intellectual property of old 
media companies for breakfast. 
Capitalism may be the culprit 
today, but this is a process 
that goes back centuries. 

When Mary Shelley published 
Frankenstein in 1818, it was almost 
immediately turned into a stage 
play. In 1910, the inventor Thomas 
Edison turned it into one ofthe 
very first movies. Since then, 
Frankenstein's iconic monster 
has found its way into television 
series, streaming shows, comics, 
video games and TikTok memes. 
Each time the monster jumps 
to the next form of media, 
creators have a chance to reinvent 
it—recontextualising its scientific 
horrors in the modern world, 
for example, or making its 
outsider monster into a hero. 

Ifyou want to go into galaxy 
brain mode, one can argue that 
Homo sapiens is a tool-user 
who invented media to hammer 
meaning together out of chaos. 
Ithink often about the recent 


saw cave paintings 
of bird people, but 
today you watch 

a Superman show 
on your phone” 


up stories that had previously 
been spoken around the fire. 

Flash forward tens of thousands 
of years to the 1950s, and media 
philosopher Marshall McLuhan 
was arguing that “the medium 
is the message”. By that, he 
meant that the devices we 
use to spread our stories are 
as meaningful as the stories 
themselves. Living at the dawn 
of television, McLuhan was 
interested in the way TV could 
deliver stories into people’s 
homes ina way nobody had ever 
experienced before in history. 
Millions of people could be 
watching the same bad sitcoms 
in their living rooms at exactly 
the same time! 

Over the past century, media 
innovation has accelerated 
so much that it feels like each 
generation has built its own 
system for communication: 
we have had the film and radio 


discovery ofacavein Borneowhere era, the TV era, the videogame 


era and the social media era. 

Each has spawned its own kinds 

of fandoms, references and rituals, 
slightly opaque to the older 

and younger generations. 

Even if we are still telling the 

same tales, we are able to enjoy 
them in new contexts. 

Palaeolithic humans climbed 
into a hidden cave to see paintings 
of bird people, but today you sit 
on atrain and watch a streaming 
Superman show on your phone. 
Both stories may seem to focus 
on the adventures of a person 
with the power of flight. But 
one is told in a difficult-to-reach 
location, far from everyday 
life. The other is distributed 
everywhere instantly, to anyone 
who can stream or pirate it. 

As our civilisations have grown 
in size, we have needed new kinds 
of media to build meaning. We 
have also figured out new uses 
for our story tools. Moguls of the 
content world have squeezed 
financial value from movies and 
TV, then sold them to Amazon. 

Meanwhile, governments 
have weaponised memes into 
propaganda. Most of all, though, 
humans have figured out how 
to preserve stories, using every 
era’s most futuristic devices. 
Perhaps at its most fundamental 
level, media is a capacitor 
that stores up meaning and 
discharges its cultural power 
long after we are gone. 

So when I find out that Amazon 
has eaten MGM, I have two 
contradictory reactions. lam 
worried about what will happen 
to all the cultural history that the 
behemoth that is Amazon has 
just dragged into its digital vaults. 
Maybe it will be forgotten, or 
“rebooted” into something awful. 
And yet, I know it is inevitable 
that stories must move from one 
platform to another. The question 
is who will ultimately benefit? 
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8 days | 30 October and 6 November 2021 


Land of fire 


and ice: Iceland 


Join an unforgettable tour of Iceland's 
majestic landscapes, scheduled to maximise 
days filled with volcanic and geological 
adventure, and evening opportunities to see 
the Aurora Borealis. 

Spend time with leading geologist Oliver 
Shorttle, discovering the might of the planet as 
you marvel at the sights, sounds and smells of 
erupting geysers, hot springs, and bubbling 
mud. Plus, stunning glaciers, waterfalls and 
visible tectonic plates pulling apart. Staying at 
four different hotels to reduce travelling and 
see more of Iceland. 


Join talks and walking seminars from 
Oliver Shorttle. 


Tour Pingvellir National Park, the site of 
Iceland's first parliament, founded in 930, and 
a geological wonder where the American and 
Eurasian tectonic plates are pulling apart. 


Visit Iceland's Geysir geothermal area, 
where you'll see the Strokkur geyser shoot 
water 30 metres into the air. Be spellbound 
by the immense beauty and sheer power of 
the Gullfoss Waterfall. 


Super jeep drivers will take you to the elegant 
Seljalandsfoss waterfall, which is unique in its 
kind, as you can walk behind the plummeting 
falling stream without getting (too) wet, fora 
unique viewing angle. 


Cross the deep and roaring rivers that guard 
the wooded surroundings of Thorsmérk, where 
you will have time to hike around the area and 
admire some of the many viewpoints it offers. 


For more information visit 


Atrip to the eerily beautiful Skégafoss 
waterfall, one of the biggest waterfalls in 
Iceland. 25 metres wide with a 60-metre 


drop. You will feel the immense power of the 
waterfall close-up, as you climb a long windy 


set of stairs to a truly stunning viewpoint. 


Visit the famous Jokulsarlon Glacier 
Lagoon, a stunning sea of floating icebergs. 
Weather permitting, there will be an 
opportunity to step outside and witness the 
natural wonders of the Northern Lights. 


Walk on Europe's biggest ice cap - 
Vatnajokull, which has around 30 glaciers 
flowing out from it. 


Enjoy lunch in the black sand seaside town 
of Vik. The sea on one side and high cliffs on 
the other, dramatically positions this quaint 
little village as Iceland's most southerly 
mainland settlement. 


Visit the Lava Centre, an interactive, 
high-tech educational exhibition depicting 
volcanic activity, earthquakes, and the 
creation of Iceland over millions of years. 


Relax in the warm thermal waters of natural 
hot springs in the village of Fludir. 


Pre-departure screening of all guests 
and tour leaders. 


Increased sanitisation of all accommodation 
and transport. 


Mandatory use of PPE where appropriate. 


In partnership with 
Intrepid Travel 
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Editor’s pick 


How to stop whiling 
away the hours 


29 May, p 41 
From Pamela Ross, 
Findochty, Moray, UK 
Amelia Tait’s article on the struggle 
to get motivated rang a bell with 
me. When I retired just over 
11 years ago, | fully intended to fill 
my retirement with a whole series 
of projects. However, first of all | 
thought I would just relax a little, 
until several months in | found I had 
got absolutely nothing done - it 
seems that all | had done was slob 
about, watching too much TV, 
spending too much time doing 
“nothing much” on the computer. 
Sol sat down, wrote alist of 
what! wanted to achieve and forced 
myself to put together a schedule 
every week that included as many 
of those things as possible. 
| also started keeping a diary, 
so I have to force myself to 
acknowledge on a daily basis 
whether or not | have managed to 
achieve my goals for the day - that 
is a kind of motivation in itself. 


Good to see nitrogen 
on the agenda at last 


15 May, p 41 

From Sam Edge, 

Ringwood, Hampshire, UK 

I was glad to read that the United 
Nations, and hopefully national 
governments, are starting to take 
the damage commercial farming 
does to the environment with 
nitrogen fertilisers seriously. 

I’m not sanguine about 
anything being done in the UK 
in the near future, however, as 
the agrochemical and farming 
lobbies have a lot of power. 

It is worth pointing out that 
many of the poor soils you 
mention exist mainly because 
of commercial nitrogen-based 
fertilisers. Their introduction 
allowed the exploitation ofland 
using vast, often deep-ploughed, 
monoculture crop fields without 
trees, hedgerows or wildlife. All 
these components destroy soils 
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and result in a vicious circle 
of requiring more and more 
agrochemicals. 


The burning issue: Japan’s 
promotion of hydrogen 

29 May, p 18 

From Brian Pollard, 

Launceston, Cornwall, UK 

There is a paradox behind Japan’s 
use of the Olympics to promote a 
hydrogen economy. Japan is short 
of space to build solar and wind 
farms. However, the country 
intends to build a solar power 
station to generate the electricity 
it will use to produce green 
hydrogen, even though a fair bit of 
the precious electricity generated 
will be wasted in this process. 

It is only going to be reasonable 
to produce large quantities of 
hydrogen as a fuel when there is 
a big enough renewable energy 
source that the electricity it 
generates can be used inefficiently 
without any real consequences. 


From Luce Gilmore, Cambridge, UK 
Fuelling the Olympic flame in 
Japan with hydrogen has a 
drawback: hydrogen burns with 
avery pale blue flame that can be 
quite invisible in daylight. 

An obvious remedy would be 
adding quantities of butane, say, to 
bring back a cheerful yellow flame, 
but that would defeat the point of 
using hydrogen. Perhaps a small 
spray of sodium and calcium salts 
could be used as acolourant, or 
strontium, copper or barium to 
produce more exuberant colours. 


Another nail in the 
coffin of free will 

15 May, p 36 

From Adrian Bowyer, 

Foxham, Wiltshire, UK 

A number of people quoted in 
the article on the hypothesis of 


quantum superdeterminism 
criticise it by saying it would 
make free will untenable. 

Setting aside that this criticism 
confuses the desirable with the 
real, free will doesn’t need 
determinism (quantum or 
otherwise) to make it untenable. 
Allit needs is logic. 

Every event must be caused by 
one or more preceding events, be 
spontaneous or result from both. 
The two categories — caused and 
spontaneous — are disjoint, 
complemental and together 
universal; there can be no other 
sort of event instigator. 

Thought is a parallel and 
sequential collection of events. 
Ifthey are all caused, then there 
is no free will. Ifsome are 
spontaneous, then there is still 
no free will: a spontaneous event 
is, by definition, not willed. 


Losing the platypus 
would be a disaster 
8 May, p 41 
From Simon Stocker, London, UK 
Iread with interest and fascination 
the article on the platypus and the 
echidna, both of which I have seen 
in Tasmania, where my brother 
lives. What an extraordinary world 
we live in. However, I was taken 
aback when the article stated “it 
would be a shame if we lost them”. 
It wouldn't bea “shame”, it 
would be a disaster, just as it is 
a disaster to have already lost so 
much of the flora and fauna of this 
planet through our own rapacious 
greed and stupidity. 


Time to ban tourism in 
space on climate grounds 
29 May, p 16 

From Paul Gulliver, London, UK 
You report that rocket companies 
are planning to send tourists into 
space and wonder when the 


Want to get in touch? 

Send letters to letters@newscientist.com; 

see terms at newscientist.com/letters 

Letters sent to New Scientist, 25 Bedford Street, 
London WC2E 9ES will be delayed 


democratisation of space flight 
will happen. 

Huge amounts of energy are 
required to send anything into 
space and it seems likely that 
much or all of this energy is 
provided directly or indirectly by 
fossil fuels. 1am appalled that vast 
quantities of greenhouse gases 
would be generated simply for 
the amusement ofa very small 
number of people. 

Rather than democratising 
space tourism, we should be 
banning space flights that don’t 
have a serious scientific purpose 
and indeed carefully considering 
the impact on the climate of all 
activity in space. 


There are ways to 

make childbirth easier 

15 May, p 12 

From Margaret Jowitt, 

Ventnor, Isle of Wight, UK 

Yes, human birth is difficult 

compared with that of other 

primates, as you report, due to 

differences in pelvic evolution. 
However, many difficulties in 

childbirth today are caused by 

immobilising the mother and 

making her fetus work against 

gravity. If we allowed the mother 

and her fetus greater freedom of 

movement, there would be less 

need to resort to caesarean 

section, which of course bypasses 

the pelvis altogether. 


A seasoned traveller’s tip 

for minimising jet lag 

15 May, p 16 

From Trevor Magnusson, 

Hobart, Tasmania, Australia 

You report that a passenger’s 

expectation of jet lag is the 

strongest predictor of how severe 

it turns out to be. As a business 

traveller, many of my trips follow 

the same route, with similar 

departure and arrival times. 

My expectations are informed 

only by previous experience. 
Ican recommend my method 

of minimising jet lag, namely 

24 hours of deliberate sleep 

deprivation the day before a trip. I 
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We are delighted to announce the launch of New Scientist’s 
Photography Awards 2021. The awards celebrate images 
that illustrate the many ways that science and technology 
impact our lives and the world around us. 


To find out more visit 
newscientist.com/photoawards 


oa 


Guest judges 


Sue Flood 


Sue Floodis an award-winning 
photographer and filmmaker, zoologist, 
adventure travel leader, public speaker 
and Honorary Fellow of the Royal 
Photographic Society. 


Chris Packham 


Chris Packham is an award-winning 
naturalist, television presenter, writer, 
photographer, conservationist, 
campaigner and filmmaker. 
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Saturday 26 June 2021 | J0am-som BST and on-demand 


New Scientist’s Future of Healthcare is an online show for everyone who cares 
about maintaining a healthy body and mind. Join us for a day of inspiring talks and 
discussion with scientists at the forefront of research and experts on healthy living. 


For more information and to register today, 
visit nhewscientist.com/futurehealth 


ON THE MAIN STAGE 


GOOD CARB, BAD CARB - THE NEW SCIENCE OF BODY OVER MIND 
LONG COVID: 1S THERE A SILVER LINING? - THE FUTURE OF HEALTHCARE WITH AI. 
GENOMICS AND THE FUTURE OF HEALTHCARE 


SPeekerks INCLUDE: 


A? 


SUE HILL CAROLINE WILLIAMS NISREEN ALWAN FRED WARREN SEBASTIEN OURSELIN 


Chief scientific officer for Science journalist, Associate Professor in Group leader, Head, School of Biomedical 
England, NHS England author, editor Public Health, University Quadram Institute Engineering & Imaging Sciences, 


GENOMICS AND THE THE NEW SCIENCE of Southampton GOOD CARB, King’s College London 
FUTURE OF HEALTHCARE OF BODY OVER MIND LONG COVID: IS THERE BAD CARB THE FUTURE OF HEALTHCARE 
A SILVER LINING? WITH ALL. 


MIND AND BODY STAGE 


DRUGS AGAINST AGEING - BRAIN BOOSTING - RETRAINING THE IMMUNE SYSTEM 
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Views Culture 


Tough road to the top 


How did Hakeem Oluseyi move from dealing drugs to teaching astrophysics? 
His vivid memoir tells all, finds Vijaysree Venkatraman 


Book 


A Quantum Life: 

My unlikely journey 

from the street to the stars 
Hakeem Oluseyi 

and Joshua Horwitz 

Ballantine Books 


THEY called him “the professor” 
because, by the age of 10, he was 
already reading every book he 
could lay his hands on. In the sixth 
grade, he scored 162 on an IQ test 
at school. Still, by the time he was 
in his teens, the certified genius 
was dealing weed and carrying 

a gun for protection. 

“If anyone had told me I'd 
grow up to be an actual professor 
at MIT, UC Berkeley, and the 
University of Cape Town, 

I wouldn't have believed them,” 
writes astrophysicist Hakeem 
Oluseyi in his inspiring memoir 
A Quantum Life. The book follows 
his “unlikely journey from the 
street to the stars”. 
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Born James Edward Plummer 
Jr, Oluseyi was often uprooted as 
achild, and learned to survive 
in some of the toughest urban 
neighbourhoods across the US. 
He also lived in rural Mississippi, 
a state where older African 
American people still addressed 
white people, including children, 
as “ma’am” and “sir”. 


“Albert Einstein and I would have 


been friends,” he recalls thinking 
when he read about the scientist. 
Einstein, too, was told to “stop 
staring into space”, and his family 
moved often. He also featured 
when Oluseyi taught himself to 
program at high school. He coded 
concepts of Einstein’s theory of 
special relativity into a game and 
won first place in physics in the 
Mississippi State Science Fair. 

To fund college, he joined the 
navy. But after two years, he was 
discharged with atopic dermatitis, 
which barred him from serving on 
ships. An old friend encouraged 
him to enrol at Tougaloo College 
in Jackson, Mississippi. The pair 


sold drugs there and dropped out, 
but Oluseyi re-enrolled. 

This time, David Teal, a white, 
Harvard-educated professor in 
the historically Black college, 
took an interest in Oluseyi, 
urging him to attend a meeting 
of African American physicists at 
the Massachusetts Institute of 
Technology. The experience felt 
like an “alien abduction”, writes 


“It would take a lot 


more than hard work 
to earn his PhD, but 
Hakeem Oluseyi was 
up for the challenge” 


Oluseyi, but it gave hima clear goal: 
to apply to graduate programmes. 
“Every year,’ he writes, “the 
Stanford physics department took 
in one student like me—a diversity 
admission who wasn’t at the same 
level of academic preparation as 
the rest of the class.” It would take 
alot more than hard work alone 
to earn his PhD there, but he was 


NASA/JOEL KOWSKY 


Hakeem Oluseyi, 
speaking at NASA's 
Earth Day event in 2017 


up for the challenge (and later 
a change of name). 

Besides, his doctoral adviser 
was Arthur B.C. Walker. The African 
American astrophysicist, whose 
telescopes gave unprecedented 
views of the sun, had mentored 
students from under-represented 
groups in physics. Sally Ride, the 
first US woman in space, was his 
first doctoral student. 

Walker told Oluseyi that some 
still believed that while Black 
scientists could build ingenious 
gadgets, they weren't gifted 
enough to make insights in pure 
physics or in the analyses of data 
and observations. While Walker 
got credit for his novel technology 
to study the sun, doubters said he 
had few pure science publications. 
Oluseyi worked with his mentor 
to seal his legacy before Walker 
died in 2001. 

Today, Oluseyiis one ofa 
handful of Black astrophysicists, 
but he has been working to change 
that. In 2008, he received a grant 
from the Kellogg Foundation to 
set up a mentoring programme 
for Black astronomy students in 
South Africa. They were brilliant, 
but felt second-class at university, 
says Oluseyi. He shared his 
struggles as he taught the students 
advanced topics. They passed in 
the top 20 per cent of the class. 

South Africa will eventually 
co-host the Square Kilometer 
Array (SKA), the world’s most 
powerful radio telescope cluster. 
Four of Oluseyi’s students are in 
the front row ofa SKA team photo. 
He wasn’t there, but says “believe 
me, I’m standing tall and proud... 
next to them”. f 


Vijaysree Venkatraman isa 
Boston-based science journalist 
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Building it right 
Civilisation’s great buildings took a lot of energy to construct. 
So where does climate change leave us, asks Simon Ings 


G 


Book 


Architecture: From 
prehistory to climate 
emergency 

Barnabas Calder 

Pelican Books 


FOR most of us, buildings are 
functional. We live, work and store 
things in them. They are as much 
a part of us as the nest is a part of 
a community of termites. 

Were this all there was to say 
about buildings, architectural 
historian Barnabas Calder might 
have found his book easier to write. 
He is asking “how humanity's 
access to energy has shaped the 
world’s buildings through history”. 

Had his account remained so 
straightforward, we might have 
ended up with an eye-opening 
mathematical description of the 
increased energy available (derived 
from wood, charcoal and straw, 
then from coal and then from oil) 
and how it transformed and now, 
through global warming, threatens 
our civilisation. 

But, of course, buildings are 
also aspirational acts of creative 
expression. However debased it 
seems, the most ordinary structure 
is the product of an artist of sorts, 
and to get built at all, it must be 
bankrolled by people who are 
(relatively) wealthy and powerful. 

This was as true of Uruk - perhaps 
the first city, founded in the area now 
called Iraq around 3200 BC - asitis 
in Shenzhen, the Chinese former 
fishing hamlet that is now a city 
of nearly 13 million people. 

While the economics of the built 
environment are crucial, they don’t 
make sense without sociology and 
even psychology. This is particularly 


St Peter’s Basilica, Rome, is 
a product of cultural forces 
and energy surpluses 


the case when it comes to what 
Calder calls “the mutual stirring, 
the hysteria between architect 
and client” that gave us St Peter's 
Basilica in Rome and the New 
Century Global Center in Chengdu, 
China, the world’s biggest building 
by floor area. 

Calder knows this: “What 
different societies chose to do with 
[their] energy surplus has produced 
endless variation and brilliance.” So 
if his account seems to wander, this 
is why: architecture isn’t a wholly 
economic activity, and certainly 
not a narrowly rational one. 

At the end of an insightful, often 
impassioned journey through the 
history of buildings, Calder does his 
best to explain how architecture 
can address the climate emergency. 
But his advice and encouragement 
vanishes under the enormity of 
the crisis. The construction and 
running of buildings account for 
39 per cent of human greenhouse 
gas emissions. Concrete is the most 
used material on Earth after water. 
And while there is plenty of 
sustainability talk in construction 
sectors, Calder finds precious little 


sign of real change. We demolish 
too often, build too often and use 
unsustainable materials. 

There may be solutions, but 
we won't find many clues in the 
archaeological record. As Calder 
points out, “entire traditions of 
impressive tent-like architecture 
are known mainly from pictures 
rather than physical remnants”. 
The remains of civilisation 
before the days of fossil fuel only 
offer a partial guide to future 
architecture. Perhaps we should 
look to existing temporary 
structures — even to some novel 
ones used in refugee camps. 

Rather paradoxically, Calder’s 
love poem to buildings left me 
thinking about the Mongols, for 
whom a walled city was a symbol 
of bondage and barbarism. They 
would have no more settled ina 


fixed house than become enslaved. 


And their empire, which covered 
23 million square kilometres, 
demolished more architecture 
than it raised. f 


For more on the future of cities, 
turn to page 42 
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Don’t miss 


Watch 


The Art Of Data is 
explored by statistician 
David Spiegelhalter 

and data artist Stefanie 
Posavec at Cheltenham 
Science Festival, in a talk 
that will be live-streamed 
on YouTube on 13 June 
at 9.15pm BST. 


The 
Glitter 


in the 
Green 


Read 


The Glitter in the Green 
catches the eye of 
naturalist Jon Dunn, who 
writes about his travels 
the length and breadth 
of the Americas in search 
of hummingbirds, from 
woodlands to deserts, 
mangrove swamps to 
sub-polar islands. 


Watch 


The Polish Cyclometer, 
an Enigma-cracking 
machine built by Polish 
mathematicians, is the 
subject of a virtual talk 

by Jerry McCarthy at the 
UK's National Museum 

of Computing on 13 June 
at 5pm BST and 14 June 
at 11am BST. 
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Views Culture 


Brain tech vs real lives 


The ethics of getting a brain-boosting implant for you or your children 
makes for an interesting sci-fi novel, finds Robyn Chowdhury 


G 


Book 

We Are Satellites 
Sarah Pinsker 

Head of Zeus 


CAN we really trust a company 
seeking to put wires in our brains? 
And is it worth suspending any 
mistrust for the sake of our 
children’s futures? These are the 
deep, real-life questions posed 

by award-winning author Sarah 
Pinsker in her second sci-fi novel, 
We Are Satellites. 

The story follows a family of 
four as they become increasingly 
entangled in the debate ona 
brain-boosting implant called 
the Pilot. Pinsker skilfully takes 
us on ajourney that is about far 
more than mere technology 
as the Pilot becomes part of 
everyday life, from schools to 
government offices. 

The novel excels at integrating 
questions about the medical 
technology industry with genuine 
representations of queer love and 
family life. Every twist and turn of 
the novel has family at its heart. 
The differing opinions of the 
parents, mothers Val and Julie, 
on the Pilot sets up a tense family 
dynamic, fraught with arguments 
and difficult conversations. 

Unlike Elon Musk’s Neuralink 
or other brain stimulation devices 
that are designed to help people 
with disabilities, the Pilot has 
one core function: multitasking. 
It also claims to enhance the 
attention span ofits users. Val 


and Julie have to consider whether 


they want their children Sophie 
and David to opt for this little- 
understood procedure. 

The first part of the novel 
revolves around the anxieties of 
deciding whether or not you want 
your child to have an invasive 
procedure for the sake of keeping 
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up with classmates. It touches 
onthe theme ofaccessibility as 
Sophie has epilepsy, leaving her 
unable to have a Pilot implanted. 
The discussion of discrimination 
throughout the novel does 
well to address concerns that 
technology which could give 
some people an advantage might 
leave others behind. 

The pace of the novel lends 
itself to character-building, 
with the first two parts spending 
time helping us understand each 
character’s motivations. Pinsker 
gives us a glimpse inside the 
minds of the characters, showing 
us how little they communicate 
their innermost thoughts and 


“We can never really 

be sure about the full 
ramifications of having 
wires and electrodes 

in the brain” 


how this affects their family. 

The technology in We Are 
Satellites is similar to an existing 
brain implant meant to enhance 
memory. Instead of enhancing 
memory, the Pilot works 
by stimulating the right 
temporoparietal junction in 
the brain, which is responsible 
for reorienting attention. 

The focus of the novel isn’t how 
the technology works, however, 


A brain implant promises 
to boost multitasking in 
We Are Satellites 


but the implications it has for 
society. The Pilot’s popularity 
leaves those who don’t have it — 
because they can’t afford it, they 
object to having wires in their 
brain or they have a disability — 
at a disadvantage. No Pilot means 
less by way of job opportunities. 

Far from being a doomy, 
dystopian novel about terrifying 
technology, We Are Satellites takes 
a balanced look at the pros and 
cons while maintaining healthy 
scepticism towards the medical 
technology sector. Through David, 
we are shown we can never really 
be sure about the ramifications of 
having wires and electrodes stuck 
in the brain—and how hard it can 
be to communicate exactly what 
is going on in your own head. 

Sophie’s involvement in the 
anti-Pilot movement becomes 
another source of turmoil for 
the family as she embarks on 
a mission to discover the truth 
about the technology —no matter 
what the cost. 

The story increases in pace 
during its third part, with several 
incredibly captivating chapters 
packed with action and tension as 
we begin to understand Sophie’s 
mistrust of the Pilot. 

We Are Satellites is a story 
about technology with family 
at its heart. It’s not just about 
whether we trust scientists to stick 
things in our brain, or even what 
happens when technology goes 
wrong. It’s about what brain- 
enhancing could do for us, who it 
would exclude and what happens 
when a family becomes tangled 
up within the debate. f 


Robyn Chowdhury is a writer based 
in Sheffield, UK, who is interested 
in pop culture and social justice 


New _ 
Scientist 
Diversity Internship 


Learn to 
be a science 
journalist 


New Scientist is the world’s most popular weekly 

science and technology magazine. Founded in 1956 

for “all those interested in scientific discovery and its 
social consequences”, the publication’s teams in London 
and around the world cover international news from 

a scientific standpoint, and ask the biggest questions 
about life, the universe and what it means to be human. 


These fundamental questions are of interest to everyone, 

whatever their background. But science and journalism both suffer 
froma lack of diversity, with many talented individuals and valuable 
perspectives excluded or lost from these fields. 


That is why we arerunning our internship programme again this 

year. The scheme is a learning and development opportunity open to 
anyone from an ethnic minority background and will offer a six-month 
internship starting in September/October. The internship will pay the 
2021 London Living Wage and be based on the London news desk. 
We cannot yet confirm if it will be office based or working from home. 
Interns will receive mentoring and on-the-job training in news and 
feature writing, as well asin subediting. By the end of their placements, 
they will have an extensive portfolio of published work. 


The only entry requirements are that you have completed 
ascience, technology or computing degree by the start of the 
internship, and that you have ademonstrable interest in writing or 
journalism. We ask applicants to submit 200 words explaining how 
you meet these requirements, and why you are the right person for 
this internship. We also ask applicants to write an article, between 
500 and 800 words long, on arecent scientific discovery. 

The closing date for applications is 30 June 2021. 


To apply, please visit 
tinyurl.com/nsinternship2021 


New Scientist. 
The internship is a positive action scheme, under the Equality Act 2010. A world, better understood 
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Dangerously 
delicious 


Processed food has a bad reputation, 
but is it uniquely bad for our health? 


Clare Wilson investigates 


UT down on fatty food. No, sugar. 
Aim for a Mediterranean diet. 
And remember to eat more plants... 

The variability of healthy eating advice has 
become a cliché in itself. Yet despite all the 
contradictions, there is one thing that many 
agree on: we should avoid junk food. Until 
recently though, no one could give youa 
decent reason why. Gastronomic snobbery 
aside, science lacked an agreed definition 
of what junk food actually is, and that 
has made it difficult to know whether 
we should be avoiding it and, if so, why. 

It has long been assumed that processed 
junk foods are bad because they tend 
to contain too much fat, salt and sugar. 
Recent studies, though, suggest that other 
mechanisms could be at work to make these 
foods harmful to our health. Getting to grips 
with what these are could help us not only 
make healthier choices, but also persuade 


the food industry to come up with healthier 
ways of giving us what we like to eat. 

One thing’s for sure: we certainly do like it. 
Factory-made food makes up between 50 and 
60 per cent of the average person’s calorie 
intake in the UK, and around 60 per cent in 
the US. But while junk food has a bad name 
among many food lovers, dietary health 
research and the public health advice that 
stems from it have so far concentrated either 
on individual food groups, like meat and 
dairy products, or the relative amounts 
of the three macronutrients — proteins, 
fats and carbohydrates — that we consume. 

In most countries, nutrition guidelines 
advise people to base their diet on starchy 
carbohydrates like bread and pasta, while 
eating plenty of fruit and vegetables, limiting 
meat and dairy to avoid too much fat and 
swerving salt and sugar where possible. 

Although factory-made foods tend to be 


high in the frowned-on ingredients of fat, 
salt and sugar, few national guidelines 
explicitly advise people to avoid processed 
foods and instead cook meals from scratch. 

That is where the field of nutrition 
has been going wrong, according to 
Tim Spector, an epidemiologist at King’s 
College London who studies food’s 
effects on health. What policy-makers 
should focus on, he says, is “getting people 
to change to eating real food”. 

The development ofa new way to classify 
foods by the degree of processing is a first 
step toward that goal. Called NOVA, the 
system was designed by Carlos Monteiro, 

a nutrition researcher at the University 
of Sao Paulo in Brazil, and his colleagues. 
The latest iteration identifies four groups, 
ranging from unprocessed wholefoods to 
ultra-processed foods (see “Reprocessing 
junk food”, page 39). 

The ultra-processed group includes not 
just things usually seen as junk food, like 
fries or frozen pizzas, but also some breakfast 
cereals, soups, ostensibly healthy low-fat, 
low-salt ready meals and even most kinds 
of mass-produced bread. The defining criteria 
is that they are made using processes not 
normally used at home, such as high-pressure 
fat hydrogenation and production of 
hydrolysed vegetable proteins using 
hydrochloric acid. They also contain artificial 
additives, such as colouring, sweeteners and 
flavour enhancers, designed to make the food 
more palatable. 

The NOVA classification system was 
important because it gave researchers the 
common language needed to study the links 


between ill health and factory-made food, 

says Marion Nestle at New York University, 

a former US government adviser who writes 

about the food industry. The concept of ultra- 

processing is powerful, she says, “because it 

gets us beyond talking about individual 

nutrients and talking about food as a whole”. 
The first large studies looking at links 

between consumption of ultra-processed 

food and health started coming through 

in the past two decades. A clear association 

began to emerge between these foods and 

ill health, with people who ate the most 

being at a higher risk of obesity and 

conditions such as heart disease and diabetes. 
One study even found that the more 

ultra-processed food ina person’s diet, 

the higher their risk of early death. More 


ICP/INCAMERASTOCK/ALAMY 


Under anew classification system, 
cheese is considered processed food 
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than four portions of ultra-processed food 

a day increased the risk of death during the 

15 years of the study by 62 per cent, with each 
additional portion raising risk by 18 per cent. 
An analysis of all 23 studies done so far on 

the relationship between ultra-processed 
foods and health, published in 2020, also 
concluded that there were links between junk 
food intake and worse rates of high blood 
pressure, and unhealthy cholesterol levels. 


Fast-food focus 


Importantly, while nutrition research is 
notorious for its contradictory results — one 
day a study finds that too much fat is the 
main problem with our diets, while the next, 
a paper blames carbohydrates — this doesn’t 
seem to be the case for ultra-processed foods, 
says Monteiro. “With red meat, some studies 
say, ‘Yes, there is an association with ill health’, 
some, ‘No’ In the case of ultra-processed food, 
all show an association.” 

So far, so bad. But these kinds of studies 
can only find correlations between eating 
junk food and bad health. They can’t prove 
that one causes the other. We know that 
eating more junk food also correlates 
with having alow income, which brings 
many health disadvantages. The only way 
to tease apart cause and effect would be 
to carry out a randomised trial where 
the only difference between two groups 
of people is their diet. 

Fora long time, no such trial existed. 

Then in 2019, Kevin Hall, a physiologist 
at the US National Institutes of Health, 
and his colleagues enrolled 20 participants > 
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into just such a study. He asked volunteers to 
stay on-site for the four-week duration of the 
experiment so that every morsel passing 
their lips could be analysed. For two weeks, 
they ate snacks and meals that were mainly 
ultra-processed food, a careful selection of 


“On a processed food diet, people 
ate 500 calories more per day” 


chicken nuggets, ready-meal ravioli, cookies, 
cereal and the like. For another two weeks, 
they ate nothing but wholefoods including 
fruits, vegetables, meat and yogurt. 

The participants were offered about 
twice as much food as they should have 
needed, and they could eat as much or 
as little of it as they wished. Crucially, 
the two diets were controlled so that the 
snacks and meals on offer contained more 
or less the same amounts of fat, protein, 
total carbohydrates, sugar, salt and fibre. 

The effect on the volunteers was dramatic. 
On the ultra-processed diet, people put on 
weight, gaining an average of 0.9 kilograms. 
On the wholefoods diet, people lost the same 


amount on average: just under a kilo. As it 
turned out, when given free rein to eat as 
much processed food as they liked, people 
ate about 500 calories more over the course 
of a day than ifthey were choosing from 
wholefoods. “That’s a large difference,” says 
Hall. “There’s clearly a 
causal relationship.” 

One possible 
explanation is that people 
ate more of the processed 
food because they found 
it tastier. On questionnaires, the volunteers 
rated it as only slightly nicer than the 
wholefood meals, a difference so small it 
could have arisen by chance. But how much 
we eat of any particular food isn’t solely down 
to our conscious opinion ofits tastiness. 

Ultra-processed foods generally come 
loaded with just the right amount of fat, salt 
and sugar for us to find them hard to resist. 
Think of how common it is to eat more than 
you intended from a packet of biscuits or 
crisps, says Nestle. “You can’t just eat one.” 

Ultra-processed food could also have led 
to overeating in another way, by encouraging 
people to eat faster. Most of this type 
of food has water taken out of it during 
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Ultra-processed foods are 
designed to be hard to resist 


manufacturing. Think of crisps compared 
with boiled potatoes. “You end up with 
amore concentrated form of the food,” 
says Hall. “With each bite, you are eating 
more calories.” 

To shed further light on this, Hall’s team is 
planning a further trial, this time with a third 
arm that provides ultra-processed meals 


DC 


bulked out with extra vegetables, which 
would contribute few calories, but would 
make the meals slower to eat. This would 
show ifthe speed at which people eat is 
actually key to their calorie consumption. 

Another explanation, known as the 
protein leverage hypothesis, is that a crucial 
regulator of our appetite is the biological 
need to eat a certain amount of protein every 
day. Because meat, a key source of protein, 
is more expensive than other ingredients, 
processed foods tend to be low in protein but 
high in fat and carbohydrates. People whose 
diet is mainly processed food end up hungrier 
because they aren’t meeting their protein 
requirements, so they eat more to assuage 
that hunger -— which, ironically, will end up 
being more of the low-protein processed 
fare they are used to eating. 

The findings from Hall’s study seem to 
support this hypothesis because when 
people ate the ultra-processed diet, their 
extra 500 calories a day came mainly from 
fats and carbs and their protein intake was 
slightly lower than when offered wholefoods. 

David Raubenheimer at the University of 
Sydney, one of the originators of the protein 
leverage hypothesis, believes that a lack of 


protein and fibre in processed foods combine 
to leave people hungry. “Fibre together with 
protein are the dietary components that are 
the most satiating,” he says. 


Feed the bugs 


Sure enough, fibre also differed between the 
two diets in Hall’s study. While both had the 
same total amount of fibre, in the wholefoods 
diet, it was mostly in the form ofinsoluble 
fibre from fruit, vegetables and wholegrains. 
In the ultra-processed diet, soluble fibre was 
put in participants’ drinks because that was 
the easiest and most palatable way of adding 
fibre. Soluble and insoluble fibre are both 
thought to be good for us, but they have 
different effects on the digestive system 

and our gut bacteria. 

People need both types of fibre in their 
diet to support a healthy gut microbiome, 
says Robert Lustig, an obesity doctor and 
researcher at the University of California, 

San Francisco. In his new book, Metabolical: 
The lure and the lies of processed food, 
nutrition, and modern medicine, Lustig 
argues that a lack of fibre deprives certain gut 
bacteria of the chance to metabolise fibre into 
short-chain fatty acids, which have beneficial 
anti-inflammatory effects on the body. 

Spector also believes that one of the biggest 
dangers of ultra-processed food is that it 
disturbs our gut bacteria. However, in his 
opinion, the cause is the artificial additives 
that it contains, such as sweeteners and the 
emulsifiers that help fat-soluble substances 
mix evenly with water. Studies in rodents 
suggest that both of these chemicals change 
the ecosystem of the microbiome and that 
emulsifiers let bacteria encroach on the 
gut wall, causing inflammation. “The more 
artificial foods you have, the more difficulty 
your gut microbes have in digesting it,” 
says Spector. 

Any or all of these factors could explain 
Hall’s results, or, indeed, there could be 
something else going on. Hall himself points 
out that more research — and larger > 
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Reprocessing 
junk food 


The NOVA system classifies each 

foodstuff into one of four groups 
according to how much industrial 
processing has been applied to it. 


Group 1: Unprocessed and 
minimally processed foods 
Edible parts of plants, animals 
or fungi, such as meat, fruit 

or mushrooms. 


Group 2: Processed culinary 
ingredients 

Substances including oils, butter, 
sugar and Salt that are derived from 
Group 1 foods through processes 
such as refining, grinding or drying. 
They aren't normally consumed by 
themselves, instead being used in 
combination with Group 1 foods. 


Group 3: Processed foods 

Foods made by adding ingredients 
from Group 2 to items from Group 
1. Includes cheese, canned fish, 
bottled vegetables and freshly 
made breads. 


Group 4: Ultra-processed foods 
Foods made from base ingredients, 
such as lactose, oil, whey and gluten, 
which may have been extracted 
from foods but have usually 
undergone modern processing 

to create things like hydrogenated 
oils, hydrolysed proteins and 
high-fructose corn syrup. Also 
foods containing additives such 

as emulsifiers, colourings and 
flavour enhancers. Final products 
include many ready meals, cereals, 
mass-produced breads and fries. 
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studies — are needed to tease apart the 
potential mechanisms. “The science 
is not yet in on this,” he says. 

Nevertheless, Hall’s results have already 
stimulated action. Soon after the study 
came out, the UN’s Food and Agriculture 
Organization published a report calling 
the trial a “solid link” between ultra- 
processed foods and ill health, and 
calling for a raft of measures to reduce 
their consumption, including food 
labelling, advertising bans and junk food 
taxes on such products at the point of sale. 

So far, only Brazil and Canada have 
incorporated advice on avoiding ultra- 
processed foods in their national guidelines. 
But several other countries, including the UK, 
are planning crackdowns on the sale and 
advertising of high fat, sugar or salt foods, 
which encompass many processed options. 


Hungry for change 


Some campaigners argue that governments 
should go further still and introduce higher 
taxes on such foods. This is controversial, 
though, because processed foods make 

up such a large part of most people’s diet in 
high-income countries. Processed foods are 
often cheaper than home-cooked meals 
thanks to economies of scale and are quicker 
to prepare, all of which matters if you are 
working long hours to support a family 

on alow income. “The last thing you want 
to dois make it more difficult for people 

to feed their families,” says Hall. 

Others say that, right now, it is simply 
unrealistic to ask people to cut processed 
food out of their diet. “You can’t just tell 
people to avoid 60 per cent of their 
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Fun, cheap and tasty, but perhaps 
not the healthiest option 


current calorie intake overnight, unless 
you've offered them a real solution,” says 
Ciaran Forde at the Agency for Science, 
Technology and Research in Singapore, 
who worked with Hall on the 2019 trial. 

Waging all-out war on junk food could 
also distract from more important dietary 
advice, like limiting fat or sugar. And it could 
deter people from potentially healthier 
processed options, like lower-calorie ready 
meals, says Forde. 

Food processing might even turn out 
to be part of the answer. “Maybe certain 
elements of the modern food environment 
have got us into the situation where it’s easy 
to overconsume. But reformulating foods 
to slow the rate of consumption is possibly 
also part of the solution,” says Forde. 

There are already food products in 
development to combat the lack of fibre in 
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modern diets, and these would definitely be 
classed as ultra-processed. For instance, firms 
are developing soup, yogurt and bread with 
extra fibre or the beneficial short-chain fatty 
acids produced when gut bacteria digest it. 
AUS firm called BioLumen is also developing 
a fibre powder that people can add to food, 
designed to let more nutrients reach their 
lower intestine and feed their gut bacteria. 

Such novel foods are likely to be more 
expensive, however, and so out of reach for 
poorer families who rely on ultra-processed 
products. And with so much of the modern 
diet coming from factory-made foods, it 
is hard to imagine a complete substitution 
with the engineered options. 

Another thing is that no one can yet 
agree on exactly what it is that makes 
processed food unhealthy, so we don’t 
know which processed food components 
to limit and which from wholefoods we 
need to boost. “We have 26,000 chemicals 
in our food. We don’t really understand 
what’s in real food, we’re still getting to 
the bottom ofit,” says Spector. 

All things considered, while we may not 
yet fully understand the mechanisms, the 
evidence is accumulating that it is probably 
best to avoid eating too much ultra-processed 
food. While we wait for the science to catch 
up, the take-home message is simple: 
eat wholefoods as much as budget and 
circumstances allow. Your body may 
thank you for it. 8 


Clare Wilson is a medical 
reporter at New Scientist 
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Features Interview 


“Many people see 
cities as villains. 
| prefer a more 
nuanced narrative" 


Urban environments are growing tast. 
Engineer Anu Ramaswami tells 
Laura Spinney how we can make our cities 
more sustainable and better places to live 


OU have probably seen the annual 
Y rankings of the world’s cities by 
“liveability” or “quality of life”. It is 
intriguing to discover which come out top — 
and which bottom. After all, most of us have 
skin in this game: more than half of people 
around the world live in urban environments, 
and that number is growing. But you may 
also have wondered what “quality of life” 
really means. Which qualities? Whose life? 
These same questions occupy Anu 
Ramaswami. Trained initially as a chemical 
engineer, she is now a professor of civil and 
environmental engineering and director of 
the M.S. Chadha Center for Global India at 
Princeton University, New Jersey. Her research 
focuses on what we can do to improve the 
urban environment, and she works closely 
with US cities as well as with the United 
Nations and national governments. It is 
fiendishly difficult to compare cities, she 
says — or even, for that matter, to define them. 
Ramaswami wants to persuade people that 
cities aren’t concrete jungles that stop abruptly 
at their official limits, but complex, dynamic 
< systems that extend much further and, like 


© living organisms, have their own metabolism. 


Only by thinking of them in this way can we 
start to make them more liveable, she says. 


ROCIO MO 


Laura Spinney: Urbanisation is accelerating as 
global population grows. Is that a good thing? 
Anu Ramaswami: Many people point to cities 
as villains. I prefer a more nuanced narrative 
that says cities offer an opportunity for 
innovation. This typically generates more 
wealth and, to some extent, more well-being, 
but also inequality, which has its own 
implications for well-being. More than 90 per 
cent of the world’s GDP arises from urban 
activities, but its distribution is very uneven. 

Cities have other drawbacks too, such as 
higher crime and air pollution. So the question 
shouldn’t be: is urbanisation good? It should 
be: since urbanisation is inevitable, can we 
urbanise in a more resource-efficient way? 
And how do we measure both resource 
efficiency and urban well-being? 


You have pioneered a field called sustainable 
urban systems science. Can you explain how it 
differs from more traditional urban planning? 
To sum up what I do, I study how materials and 
energy flow through cities, shaped by people 
and policies, and their impact on human and 
planetary well-being. 

Cities draw resources from everywhere, so 
instead of studying what’s happening inside 
the city boundary, my team and I study cities 


in their broader context — as sustainable urban 
systems. One way to do that is to consider the 
seven key provisioning systems that support 
them: shelter, water, food, energy, connectivity, 
sanitation and green spaces. Planners tend to 
focus on these in isolation; our goal is to study 
them holistically, including their interactions. 
We look at their impacts beyond the city too. 
So, for example, we might ask how inequality 
contributes to global greenhouse gas 
emissions. In practice, once we have assessed 
those transboundary impacts, we pick 

an administrative boundary — the greater 
metropolitan area, say — because we want 

our findings to be actionable. 


In 2018, you co-authored The Weight of Cities, 
areport for the United Nations. It concluded that 
the materials used to build and sustain cities 
could be reduced by a factor of five, bringing 
huge environmental benefits. How? 

The argument is that you need a cascade 

of actions to maximise efficiency. There are 
five levels of these. The first is land use: with 
more compact land use, you reduce your 
mobility needs and your use of construction 
materials per square metre. At the next level, 
you deploy more efficient technologies, such 
as better vehicles. The third levelconsiders >» 
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synergies — efficiencies that cities offer through 
co-location, an example of which would be 


heat recycling through district energy systems. 


Next comes behavioural change: encouraging 
the use of public transport and the use of 
public spaces for, say, urban farming. And 
fifth is renewable technologies — building 
a capacity for regeneration into your city. 
Planners might focus on different levels 
of the cascade depending on whether the city 
is old or new. For anew city, starting witha 
compact plan will be most important. Compact 
growth is harder to achieve in existing cities, 
but you can build up what we call “articulated 
density” around major transit corridors, which 
are the connective tissue in the porous matrix 
of a walkable, liveable city. London is an 
example of a city that has done well lately 
in building up articulated density. 


In The Weight of Cities, you gave a striking 
statistic: China used more concrete between 
2011 and 2013 than the US used in the 

entire 20th century. Are we heading in the 
wrong direction? 

Nothing in China’s growth is surprising. A lot 
of urbanisation has yet to happen, and most 
urbanising countries will follow the same 
trajectory if, like China, they have steady 
population growth. In some countries, people 
are still migrating into cities from rural areas 
at a really rapid clip. There’s a rule of thumb 
that says you calculate the doubling time of 
a city’s population by dividing 70 by the city’s 
annual percentage growth rate. A city that is 
growing by 10 per cent annually —as some 
Indian cities are — will have a doubling time 
of seven years. Such a city will have very large 
infrastructure needs, but it’s as important to 
ask how long that infrastructure will last as 
what materials will go into building it. 


So, we are talking about a new philosophy 

of urban planning, but also about harnessing 
new technologies. 

Yes, which is why I think we need a new type 
of professional, who can combine concepts 
from urban planning and infrastructure 
engineering and look at both througha lens 
of industrial ecology or urban metabolism. 
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“Climate change 
is the most 
obvious threat, 
now andin 
the future” 


That’s the kind of student I’ve been training 

in some of my National Science Foundation- 
supported programmes here in the US, and 
also, in a smaller way, through UN-sponsored 
training schemes. Many of my former students 
have gone on to work in city planning. 


Are governments listening to you? 

After Weight of Cities, | wrote a follow-up 
report focusing on the ASEAN [Association 
of Southeast Asian Nations] region, which 
will be the next urbanisation hotspot after 
India and China. The aim was to show how 
the principles outlined in Weight of Cities 
could be applied in a specific regional context. 
That report got a lot of traction; with the UN, 
we presented it to urban planning agencies 
across the ASEAN region. The challenge, 

in fact, is not to get governments to adopt 
these ideas. It is whether it is even possible 
to do intentional planning when cities are 
growing so fast. We provided case studies 

to show that it is. Anmedabad in India, for 
example, has been able to plan ahead of its 
15-to-30-year doubling time. 


Ahmedabad is part of the Indian government's 
controversial smart cities programme, launched 
in 2015. Does that scheme fit with your ideas? 
To begin with, the smart cities programme 
emphasised new technologies, such as sensors 


Cities like Lagos 
(left) and London 
(below) are complex 
systems that extend 
much further than 
their official limits 


for monitoring water use. In 2016, land others 
wrote a paper in Science pushing back against 
that tech-heavy approach, and arguing that it 
was more important to be “systems smart”, as 
Ahmedabad has been. But the programme’s 
definition of smart has evolved —for example, 
to incorporate social inclusion and equality — 
and it has turned out to be quite forward- 
thinking. I visited three of the smart cities 

in 2018, as part ofa US-India collaboration 
supported by the US state department, 

andI was impressed. 


Resilience to future threats is key to urban 
planning. How is it being built in to cities? 
Climate change is the most obvious threat, 
now and in the future. In the US, many cities 
are designing storm-water systems that will 
withstand higher levels of flooding than we 
have seen so far, or planting trees to reduce 
heat stress, or thinking about how to keep 
the power grid functioning in conditions of 
extreme cold. There are other, more intangible 
forms of resilience, of course. This pandemic 
has taught us that low social inequality is 
one of them —and good city design can 
contribute to that. 


From the start, you have taken a hands-on 
approach to implementing your ideas. In 2005, 
you phoned the office of the mayor of Denver, 
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Colorado, and offered your help in developing 
a climate action plan. What happened next? 
The mayor’s chief sustainability officer 
accepted! Eighteen months later, we had 

a plan and! am still collaborating with the 
city and county of Denver today. This was the 
first time a city took a transboundary approach 
to carbon accounting that considered all the 
key provisioning systems. The approach has 
since been taken up by other cities, as well 

as by the 500 members of ICLEI USA — part 
ofa global network of local and regional 
governments that is committed to 
sustainable urban development. 


You have used this bottom-up approach 
elsewhere too. Is that because you have 

found it the best way to get things done? 

Yes. With Minneapolis, for example, we’re 

in the process of drawing up a food action 
plan that takes a transboundary approach 

to urban food policies. It’s a local adaptation of 
the 2015 Milan Urban Food Policy Pact, which 
has more than 200 signatories worldwide. In 
both Minneapolis and Denver, the community 
generates strategies which we -the academics— 
then shape and prioritise. It’s very mucha 
two-way street, though, because the 


collaboration throws up new research 
questions. This kind of co-production isn’t 
new, but over the past decade, I’ve seen it evolve 
from a practice into a science. It has established 
procedures now, and the conditions that 
favour success are better understood. 


How can we evaluate urbanisation strategies 
without ranking cities? 

The trouble with rankings is that you're rarely 
comparing like with like, or looking at the 
whole picture. The rankings that get most 
airtime, such as [asset management firm] 
Mercer’s, were designed for expatriates and 
emphasise access to amenities. But a highly 
liveable city, in that sense, could also be 
completely undemocratic, and Mercer’s 
composite index wouldn’t capture that. 

It would be more reasonable to compare 
cities ona single parameter, such as emissions 
per capita, but the problem there is that 
acity might score well because it has no 
industry and brings goods in from elsewhere. 
Comparing only industrial cities, or only 
commercial cities, might help. But it’s far 
more useful to compare a city to itself—to ask, 
for example, how its air quality has improved 
over time. 


One of the UN's 2015 Sustainable Development 
Goals (SDG 11) calls for inclusive, safe, resilient 
and sustainable cities by 2030. Is that realistic? 
Just as with the UN’s Millennium Development 
Goals (MDGs), which had a horizon of 2015, 
having the goal is important. A lot was 
achieved with the MDGs. Where SDG 11 
overlaps with other SDGs — to do with access 
to food, clean water and energy, for example-— 
the trajectory is towards improvement. 

I’m less hopeful about reducing inequality 
because the trend is in the opposite direction. 
Then again, urban systems science offers 

us an opportunity to build more equitable 
cities in the future. 


Laura Spinney is a science journalist 
based in France and author of Pale 
Rider: The Spanish flu of 1918 and 
how it changed the world 
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Features 


When 


time runs 


backwards 


At the smallest scales, the world can and does 
run in reverse. This revelation is helping us 
understand the engines that power life itself, 
finds Benjamin Skuse 


a cappuccino and your buddy orders a 

milkshake. But as you go to take a sip 
of your coffee, you see a roiling boil, steam 
rising from the mug at an increasing rate. 
Astonished, you look up to tell your friend, 
then stop dead: his tongue is stuck to the 
now-frozen milkshake. Terrified and confused, 
you both run to your car and start the engine, 
but then notice the fuel gauge going up — your 
engine is sucking in heat and exhaust fumes 
and turning them into petrol and air. 

This has never happened and almost 

certainly never will. But the key word here 
is “almost”. Although processes that involve 
the exchange of energy don’t behave like 
this at the scale of our everyday experiences, 
at the level of atoms and molecules they can 
and do run backwards. 


S::: with a friend in a cafe, you order 
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Physicists first acknowledged the possibility 
of this kind of violation of the forward flow of 
time more than a century ago. Yet it is only 
recently that we have started to get to grips 
with what this might mean for the many 
critical processes that underpin life itself. 

Our growing understanding of what 
drives —and limits — these processes, is not only 
upending traditional notions of energy, but 
also exposing new clues relating to perplexing 
questions about human biology, including 
how some neurological diseases take hold. 
Now, researchers have even set their sights on 
applying these ideas to understanding one of 
the greatest mysteries of all, the origin of life. 

The industrial revolution of the 18th and 
19th centuries saw hard graft increasingly 
replaced by engine power. As steam engines 
came on the scene, engineers also set about 


improving the design and efficiency of existing 
labour-saving “engines”, like the waterwheel 
and windmill. This new industrial world 
represented an exciting playground for natural 
philosophers, where they could start to dissect 
the mystery of energy and the rules governing 
how it is transformed into useful work. By 
1860, Rudolf Clausius and William Thomson 
(later Lord Kelvin) had laid it all out in two laws, 
later extended to four. The laws built on early 
insights from the likes of Sadi Carnot and 
James Joule, and could be applied not just to 
engines, but all processes in nature. The science 
of energy —-thermodynamics — was born. 

You can think of thermodynamics in terms 
ofa casino. The first law of thermodynamics 
says that you can’t create energy, only transfer 
it, inthe same way that a gambler’s potential 
winnings are limited by the cash in their 


bank account and the house’s money. 

The second law is based around a concept 
called entropy, which, roughly speaking, is a 
measure of the tendency for energy to disperse 
or spread out as time progresses. High entropy 
means high disorder and low energy. The 
second law says that, in any natural process, 
entropy cannot shrink — in other words energy 
can’t be gained or things become more orderly. 
It is the same as saying that on any trip to the 
casino, given enough time, you will always 
come home with less cash than you brought. 

However, this doesn’t stop you from 
winning afew games of blackjack along the 
way. Bringing it back to thermodynamics, 
these chance wins are the rare interactions 
between atoms and molecules where entropy 
is actually lost instead of gained, as ifthe 
process were running backwards in time. 


PETER CROWTHER 


In 1878, James Clerk Maxwell had already 
cottoned on to this loophole, writing in a book 
review for Nature: “The truth of the second law 
is therefore a statistical not a mathematical 
truth, for it depends on the fact that the bodies 


we deal with consist of millions of molecules... 


Hence the second law of thermodynamics is 
continually being violated.” 


Small wins 


For natural processes, like your cup of coffee 
inevitably going cold, violations in the form 
ofa few energy gaining interactions make no 
difference to the overall trend towards a state 
with the lowest energy and most disorder, 
known as maximum entropy. Essentially, in 
our everyday world, the house always wins — 
unless you are cheating the casino, which 


equates to pumping outside energy into a 
process in thermodynamics terms. But the 
nanoworld is more like zooming in on an 
individual blackjack table. Observing small 
groups of particles, scientists have witnessed 
players go on incredible winning streaks. 

Way back in 2001, Denis Evans at the 
Australian National University in Canberra 
and his colleagues fired a laser beam at a 
micrometre-sized latex bead suspended in 
water. They were using the laser as “optical 
tweezers”, now a common technique for 
grabbing tiny objects with a light field. In their 
experiment, the bead’s curved surface acted 
like a lens, bending the laser light and exerting 
a force that kept the bead at the beam’s centre. 
Using this force, they slowly dragged the bead 
through the water. According to Clausius and 
Kelvin’s thermodynamics, no matter how 
many times the experiment was repeated, the 
bead should have happily followed the beam. 

Instead, over the course of hundreds of 
repetitions, the bead occasionally pushed 
ahead of the beam. “The bead extracted 
ambient heat from the water and converted 
this heat into work to move against the 
‘natural’ motion of the focus of the laser 
beam,” says Evans. 

Although lasting only about 2 seconds 
at atime, these little acts of rebellion 
were violations of the second law of 
thermodynamics. Essentially, the researchers 
had witnessed the bead beating the house. 

Not only was this the first time violations 
had been observed over these time and 
length scales, but the numbers also matched 
a modern twist on the second law of 
thermodynamics that Evans and his 
collaborator Debra Bernhardt at the University 
of Queensland, Australia, had cooked up in 
the early 1990s. This “fluctuation theorem” 
tinkered with the second law so it could be 
studied with statistics. Where the traditional 
law is hardwired so that entropy always 
increases as time moves forward — coffee cools, 
engines burn petrol and so on- their stochastic 
theory explained how entropy could rise or 
fall for tiny, individual processes while still 
ensuring that, averaged out at larger scales, 
it always increased. 

More generally, the fluctuation theorem 
showed how different thermodynamics is 
when you zoom intothe nanoscale.There, > 
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“It’s not a like a car 
going in reverse, 
it’s like a broken egg 
reconstituting itself” 


whatever you are studying is continually 
bombarded by surrounding molecules, 
creating an element of randomness that 
makes the system jiggle around. This jiggling 
causes fluctuations in energy and violations 
of the second law of thermodynamics, and 
even a blurring of the arrow of time. 

“At our scale, eggs go splat and you never 
see entropy going down,” says David Wolpert 
at the Santa Fe Institute in New Mexico, who 
specialises in thermodynamics. “As we go 
to smaller and smaller scales, we’re going 
to have a greater probability of seeing 
backward processes.” 

These aren't backward processes in the 
same way that acar can be driven backwards 
in reverse gear. A backward process is more 
like a Slinky travelling up a flight of stairs or a 
splattered egg reconstituting itself: impossible 
at our scale of the world, where time appears to 
be firmly set in the forward direction, but not 
in the nanoworld. There, time is still inclined 
to go forward, but is no longer shackled to just 
one direction. This slight preference to going 
forward at the level of an individual molecule 
gradually firms up time’s thermodynamic 
arrow as we add more and more molecules, 
giving the impression that everything 
always runs forward. 

Arriving at a time when nanotechnology 
was starting to take off commercially, 

Evans’s 2001 experiment and its mind- 
bending consequences catalysed frenzied 


At acasino, as in thermodynamics, 
if you stay long enough you always 


lose more than you gain 
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work. Scientists derived new fluctuation 
theorems for various specialised scenarios 
as well as generalisations. They attempted to 
combine fluctuation theorems with quantum 
theory and other research fields. And they 
conducted countless experiments violating 
the second law that validated the theorems 
in different settings. 

Researchers could immediately see how 
these theorems could help them get to grips 
with the thermodynamics of small systems, 
which seemed a likely coup for nanoscale 
devices and electronics. However, it was in 
the messy world of biophysics — the study of 
biological systems with physics where existing 
techniques were more limited — that they 
proved to bea truly unique scientific tool. 
This was thanks to an experiment to test an 
idea first proposed in 1997 by Chris Jarzynski, 
who is nowat the University of Maryland. 

Jarzynski’s equality, as it is now known, is 
similar in spirit to Evans’s and Bernhardt’s 
fluctuation theorem, but with work —the 
energy a force produces and transfers to or 
from an object to move it— replacing entropy 
as the quantity of interest. Just as entropy 
fluctuations were included in the original 
fluctuation theorem, Jarzynski incorporated 
work fluctuations in his. This allowed him 
to define a way of measuring the maximum 
amount of energy that can be freed from a 
real-world system to perform useful work: 
the free energy difference. 

To test this equality, a team led by Carlos 
Bustamante at the University of California, 
Berkeley, repeatedly unfolded and refolded 


a single molecule of RNA. Half ofthe time they 
pulled the molecule apart very slowly, allowing 
energy and forces to spread evenly at each 
stage. This allowed them to scrutinise the 
process using standard thermodynamics and 
write down a firm value for the free energy 
difference. The rest of the time they tugged 

at the RNA very rapidly, leading to a process 
whose work could only be analysed using 
Jarzynski’s equality. “When you do it quickly, 
then each time you do the experiment, you 
get a different value for work,” says Jarzynski. 
“Repeating the experiment many times, 
these work fluctuations form a distribution 
of values from which you can extract an 
average.” Amazingly, the values for free energy 
difference from standard thermodynamics 
and Jarzynski’s equality agreed. 


A unique tool 


The simple, yet elegant demonstration 
by Bustamante and his team showed how 
fluctuation theorems and, more generally, 
stochastic thermodynamics could be wielded 
to gain information from real-life nanosystems 
that traditional thermodynamics can’t access. 
Traditional thermodynamics only describes 
systems close to equilibrium, where no energy 
enters or leaves and everything happens 
smoothly and slowly. In the real world, almost 
nothing is in equilibrium. Instead, most 
systems are in astate of constant flux, with 
energy flowing in and out of them all the time. 
Being able to extract practical thermodynamic 
values like work from a messy, real-life system 
out of equilibrium was a huge step forward. 
What’s more, there may be ways to exploit 
these tools on much bigger systems. “The same 
theorems apply no matter what the scale of 
the system is,” says Wolpert. “They apply at the 
level of human society just as well as they apply 
down at the level of single RNA molecules.” 
Building full stochastic thermodynamic 

descriptions of ever-bigger living systems may 
provide a picture of how perhaps the most 
precious phenomenon on Earth manages 

& to keep itself constantly out of equilibrium, 


<= 
= 


= relentlessly fighting against disorder — life 

& itself. Wolpert also thinks it could pin down the 
E physics behind cell-level natural selection and 
= thereby the origin of life. He isn’t alone. “To the 
S extent that the origin of life is to be understood 
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in terms of interactions between different 


molecules, stochastic thermodynamics 
provides us with proper theoretical tools for 
analysing those problems,” says Jarzynski. 

Starting at the molecular level, biophysics 
researchers have latched onto these tools and 
conducted a swathe of experiments pulling at 
various biomolecules with some interesting 
results already. The aim has been to understand 
the mechanisms underpinning the nanoscale 
biological equivalents of steam engines. 

Molecular motors are proteins that convert 
available energy into mechanical motion. They 
play a fundamental role in various processes 
essential to life, like muscle contraction, DNA 
transcription and moving materials around 
cells, such as neurotransmitters and hormones. 

Until recently, studies of molecular motors 
were limited by their simplified nature. 
Ultimately, they didn’t replicate the intricate, 
interdependent functioning of the motors 
or the complex environment of the cell. But 
Kumiko Hayashi and Shinsuke Niwa at Tohoku 
University in Japan have found a way to truly 
capture how various molecular motors work 
in their natural habitat. 

In 2018, Hayashi and Niwa tried out a new, 
non-invasive technique on worms to look at 
how molecular motors called kinesins and 
dyneins transport materials back and forth 
between motor neurons along their axons, 
which transmit nerve signals. They were able 
to use fluctuation theorems to estimate the 
molecular motors’ energy from only the 
fluctuating movements of their cargo 
of materials. From this, they found that 
these molecular motors can carry cargo 


In the 1800s, thermodynamics 
changed the face of industry, as 
at this UK blanket factory 


cooperatively, like ants working in tandem. 

Interestingly, comparing healthy worms 
with worms that hada gene associated with 
correct function of the molecular motor 
deleted, Niwa discovered that fewer motors 
worked to transport cargo in the mutant 
worms than in the healthy ones, which can 
lead to weaker transport and even cargo 
being delivered to the wrong location. 

Hayashialso points out that other 
researchers have recently pinned down 
the cause of hereditary spastic paraplegia, 

a rare disorder that causes weakness and 
stiffness in people’s leg muscles, to mutations 
of motor proteins transporting neuronal 
cargoes. She thinks her work with Niwa 
clarifies the key physical mechanism 
underpinning this disease. More broadly, 
Hayashi is optimistic that fluctuation 
theorems can assist neuroscience research, 
by helping unpick mechanisms of other 
neurological diseases, such as Huntington’s, 
Parkinson’s and Alzheimer’s. 

But to get a broader picture of health, 
disease and even life itself, Wolpert and others 
working on bigger systems need to account for 
a rich and complex hierarchy of interacting 
subsystems. For instance, each cell in the 


human body contains many intertwined parts 
at different scales performing specialised jobs. 


Capturing how energy is transported in these 
kinds of scenarios is monumentally difficult. 
Yet they are making inroads. 


“This new approach 


could pin down the 
physics of cell-level 
natural selection — 
and thereby the 
origin of life” 


Theories about information — how it can 
be quantified, stored and communicated — 
have arich history of interplay with theories of 
thermodynamics. Looking at how information 
flows through big systems, “there may start to 
emerge patterns that govern thermodynamic 
properties that have to do with interactions 
among all those subsystems”, says Wolpert. 
He believes that information flow - and more 
generally, information transformation — will 
play “a Key role in understanding the overall 
thermodynamics” of systems like a cell. 

Already, Wolpert has mathematically refined 
the fluctuation theorems to encompass 
multiple interacting parts. This is allowing 
him, at least theoretically, to start analysing 
how thermodynamics depends on the 
communication structure between the given 
system’s subsystems. However, he is far from 
naive about the scale of the task. “It’s going to 
be ongoing work for many, many years.” 

What is clear is that when it comes to even 
starting to answer questions about the origins 
and persistence of life, our new understanding 
of thermodynamics will be crucial. If 
experience so far is anything to go by, you 
might gamble on it exposing a messy, noisy 
reality, where change is governed by random 
fluctuations that can even bend the rules of 
time. As to what this refined perspective 
will ultimately reveal, all bets are off. I 


Benjamin Skuse is a freelance 
writer based in Somerset, UK 
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Sanger Epidemiological 
and Evolutionary Dynamics 
Postdoctoral Programme 


The Sanger Institute is a world leader in genome research that delivers 
insights into human and pathogen biology that change science and medicine. 


Applicatons are now open to join the Sanger Epidemiological and Evolutionary 
Dynamics (SEED) Postdoctoral Programme. The programme offers the chance 

to develop and implement innovative methods for analysis of large-scale genomic 
datasets to address fundamental problems concerning the evolution, transmission 
dynamics and control of major infectious diseases. 


Apply to one of the predefined projects below, or propose your own! 


Transmission dynamics and control of major infectious diseases 
Mapping long range transmission across South and South East Asia 
Genomic epidemiology for SARS-CoV-2: sooner and later 
Genomic approaches to the evolutionary dynamics of malaria drug resistance 
Spatiotemporal Genomics in Anopheles mosquitoes 


Fundamental questions concerning evolution and/or disease 
Biodiversity and functions of gut phages impacting human health and disease 


Innovative methods for analysis of large-scale genomic datasets 
Respiratory microbiome analytics 


Enabling latest machine learning tools for calibrating large-scale transmission 
simulator models to estimate parameters of epidemiological/evolutionary 
interest, and to test intervention policies in silico under uncertainty 


Find out more and apply today 
jobs.sanger.ac.uk 
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Spotting the summer triangle 


In the northern hemisphere, the summer triangle is easy to locate 
thanks to its bright stars, says Abigail Beall. Here’s how to find it 


IN THE northern hemisphere, 
summer nights are marked by 

an asterism (a pattern of stars 
that isn’t an official constellation) 
called the summer triangle. 
Despite the name, the three stars 
that make it up aren’t just visible 
in this season: many stargazers 
in the southern hemisphere also 
get a glimpse of them in their 
winter months too. 

The summer triangle is a vivid 
asterism, made up of the brightest 
stars from the constellations 
Aquila, Lyra and Cygnus. Altair, 

a star from Aquila, is the twelfth 
brightest in the night sky. Lyra’s 
Vega is only 25 light years away 
from us, making it the fifth 
brightest from our perspective. 
Deneb, the brightest star in 
Cygnus, is a blue-white supergiant 
and makes up part of another 
asterism called the northern cross. 

In the northern hemisphere, 
look east when it is dark to find the 
summer triangle. Vega will shine 
highest in the sky, with Deneb 
to its left and Altair below. The 
triangle should be visible all night. 

However, in the southern 
hemisphere, the asterism won't 
be visible for that entire period. 

It will appear in northern sky a few 
hours before sunrise. Altair will be 
highest, with Vega and Deneb 
below. Close to the equator, 

Altair will be near Vega at the top. 

The summer triangle is one 
of the easiest asterisms to find 
because of its brilliant stars— and 
because it covers a large part of 
the sky, it can help astronomers 
find their way around the sky in 
June, July and August. It is also 


beautiful to look at on its own. 
This year, the summer triangle 
will be complemented by two 
planetary visitors lurking nearby. 

In June, after not being visible 
in the night sky for a few months, 
the gas giants will appear near 
the summer triangle. Saturn 
and Jupiter will create an almost 
rectangular shape, with the other 
two corners made up of Vega and 
Deneb, for the whole month. 

In the northern hemisphere, 
the planets will appear low in the 
eastern sky, staying close to the 
horizon and rising a few hours 
after sunset. In the southern 
hemisphere, the planets will 
appear above the asterism. If you 
are unsure when or where they 
will turn up in your area, use a 
stargazing app or software like 


Stellarium to check ahead of time. 


You won't need dark skies to 
see this combination of stars and 
planets: all will shine brightly even 
in cities. If you are in a dark-sky 
area, you might catch the central 
bulge of the Milky Way making 
a trail across the sky through the 
middle of the summer triangle. 
Deneb is right in the middle of the 
disc of the Milky Way in the sky. 

Ifyou have binoculars or a 
telescope, look at Jupiter to get a 
view of its Galilean moons. All four 
will be visible, with Io on one side 
and Europa, Ganymede and 
Callisto forming a line on Jupiter’s 
other side. With a small telescope, 
you might see the rings of Saturn, 
as Well as Titan, one of its moons. | 


These articles are 
posted each week at 
newscientist.com/maker 
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Cryptic crossword #59 Set by Wingding 


EERE See 
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ACROSS 


1 Plagiarise improvised sequence 
about post office (3,3) 
4 Worthy music edited for organ (6) 
9 | follow old woman with extremely 
troublesome rock (7) 
10 Our neighbour's four-wheel drive 
reversing over two points (5) 
11 Investigate dog's missing tail (5) 
12 Not all heard rumout it’s used for listening (7) 
13 Behind research facility, artist 
drawing dog (11) 
18 Alpha males holding simple plant mixture (7) 
20 Two-toned man spoke in Spanish (5) 
22/24 Top physicist seen in far wetland, 
surprisingly — it’s a small world! (5,6) 
23 Sun, air, Latin dancing, cut off from 
the outside world (7) 
24 See 22 
25 Effect of instant message 
before agreement (6) 


newscientist.com/crosswords 
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Answers and 
the next quick 
crossword next week 


DOWN 


Wrinkled carpet offers shrew 

escape, at first (6) 

With a change of heart, famous 22/24 
becomes philosopher (5) 

Seal part makes it very quiet inside aircraft (7) 
Hydrogen finished, stay in one place (5) 
Shaft cut from aluminium and released (7) 
Oil producer initially supports European 
Space Agency's Mars expedition (6) 

Trickery repaired enamel ridge (1.1) 


14 Cougar perhaps climbing between American 


peaks above Massachusetts, a good place 
for stargazing (7) 


15 Ring Proust regularly to get on top 


of problem scavenger (7) 


16 That's funny — R&D high and low 


on funding (4,2) 


17 Feel remorse, having run over small bird (6) 
19 Boss terminated early for mistake (5) 
21 Lifted a piece of stone or wood (5) 


: 
= Our crosswords are now solvable online 


KJOLAK/SHUTTERSTOCK 


Quick quiz #105 


1 Which spider species is notable for 
its highly herbivorous diet? 


2 Where in the body would you find 
enterochromaffin cells? 


3 What is the name of the largest known 
body of liquid on Saturn’s moon Titan? 


& Ole Romer is credited with making the 
first quantitative measurements of what? 


5 When was the Dvorak keyboard 
layout patented? 


Answers on page 55 


Puzzle 
set by Brian Hobbs 


#117 My Fair Ladybird 


“Ooh, | want that one,” says my young 
daughter, pointing to the stuffed ladybird 
cushion on display. She loves anything to do 
with ladybirds. “And it’s only $5 per guess!” 


We're standing at Rip-off Rick's Cup Shuffle 
carnival game at the local fair. In the game, 
he hides a bean under one of four cups and 
shuffles them before placing them in a line: 
A, B, Cand D. You can then buy as many 
guesses as you want to locate the bean. 


The catch is, between each guess, Rick 
waves his hand over the cups, and the bean 
“magically” moves to another cup. My buddy 
worked here last summer and let mein on 

a secret: Rick can only move the bean to an 
adjacent cup, such as from B to either A or C. 
I've seen the cushions in the shops for $16, 

so no way am I spending more than $20. 
Can I guarantee a ladybird in four guesses? 


Solution next week 


“Sott ist tot” 
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Global benefits 


Do humans provide any 
benefit to planet Earth 
other than for ourselves? 


Bob Downie 

Glasgow, UK 

This question is wholly 
anthropocentric. Earth just “is”, 
albeit having been ina constant 
flux since its formation. No instant 
of existence in Earth’s past or 
future can be considered better 

or worse, except in human terms. 


Jaime Fagundez 
University of A Coruna, Spain 
Many human-shaped ecosystems 
support high levels of biodiversity. 
In western Europe, human 
societies deeply transformed 
the landscape during the 
Bronze Age and beyond by forest 
clearing and periodical burning, 
promoting the dominance of 
shrub communities known as 
heathlands. Many insects, 
amphibians, birds and plants 
thrive on them, and may go 
extinct ifheathlands disappear. 
Similar cases can be found in 
other environments such as dry 
cereal Mediterranean croplands 
or tree-grass mixtures in the 
Spanish dehesas. Without human 


“We are the only 
species capable 
of protecting life 
on Earth from an 
asteroid or other 
external threat” 


intervention, the landscape would 
be more homogeneous, and 
fewer species would live there. 

Sadly, humans are also 
responsible for the replacement 
of these landscapes by ones with 
low biological diversity because 
of more intensive uses. 


Mike Follows 

Sutton Coldfield, West Midlands, UK 
Our species has done nothing 

for the benefit of life on Earth. 

On the contrary, our activities 
have damaged the environment 
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PHOTOSCHMIDT/ALAMY 


This week's new questions 


Flat out When cycling over rough ground, am 
Imore likely to avoid a puncture by riding slowly 


or fast? Raffi Katz, Watford, UK 


Growing problem Do plants, fungi or microorganisms 
get cancer or analogous uncontrolled cellular growth? 
John Corey, Melrose, New York, US 


and made it less hospitable 
for other species. 

Weare responsible for the sixth 
mass extinction, also known 
as the Anthropocene extinction, 
and it is estimated that we are 
now responsible for increasing 
the normal rate of extinction by 
a factor of at least 100. Unless we 
modify our collective behaviour 
and reduce our ecological 
footprint, it is possible that our 
activities will also lead to our own 
extinction. However, life on Earth 
would continue without us and 
biodiversity would return. 

If we did make ourselves 
extinct and another technological 
species were to appear, they might 
identify the Anthropocene epoch 
in the geological record. “Techno- 
fossils” might survive, including 
microplastics and radioactive 


nuclei from nuclear weapons. 

This future technological 
species may be grateful to us for 
providing a record in rock strata 
of the conditions that led to 
our extinction, to help it avoid 
repeating our mistakes. 

Ona more positive note, 
perhaps we can stop short of the 
brink and correct those mistakes 
before it is too late. Moreover, we 
are the only species capable of 
protecting life on Earth from an 
asteroid or other external threat. 


Andy Moffat 

Strathpeffer, Highland, UK 

After discussing this question — 
which I originally asked— with 
friends, we decided that apart 
from maintaining rat populations, 
the only other value of humans is 
as a food source for blood-sucking 


Want to send us a question or answer? 


><) 


Email us at lastword@newscientist.com 
Questions should be about everyday science phenomena 


Full terms and conditions at newscientist.com/lw-terms 


To avoid a puncture, is it 
best to cycle slowly or fast 
over rough ground? 


insects. Because bats and birds 
feed on mosquitoes, this 
unfortunately puts us at 

the bottom of that particular 
food chain. 


Extra dimension 


Could a human brain register or be 
affected by the existence of other 
dimensions beyond those of time 
and the three dimensions of space? 


Guy Inchbald 
Upton-upon-Severn, 
Worcestershire, UK 
Human consciousness arises 
from dynamic patterns of 
electrochemical activity in 
the brain. Modern ideas about 
consciousness say it comes 
specifically via the information 
content of that activity. Ifyou 
change the activity, then you 
change the information it carries. 
This activity, in turn, is 
dictated by the laws of physics. 
Thus, all conscious experience 
is ultimately determined by the 
physical nature of the brain. The 
question therefore amounts to 
asking whether other dimensions 
might affect the physical world in 
general. This remains unknown. 
Further tiny “compactified” 
dimensions of space-time have 
been proposed, as has a higher- 
dimensional multiverse in which 
ours is one of many “branes”. 
It has even been suggested that 
forces of nature such as gravity 
might leak between branes, or 
that there might be an additional 
dimension of time. 
So the human brain might, 
like everything in our universe, 
be dependent on these other 
dimensions for its very existence. 
Even if such ideas are true, there 
is nothing to suggest that these 
factors are leaking across from 
elsewhere and hence might affect 
the nature of the information 
that the brain processes. 
Inter-brane telepathy cannot 
technically be either proved or 


Tom Gauld 
for New Scientist 


THE FIGHT : 


IS OVER. 


disproved. It is not falsifiable and 


therefore nothing but idle fantasy. 


Peter Holness 

Hertford, UK 

Conscious perception is a 
poorly understood by-product 
that emerges from flows of 
neurotransmitters and electric 
charges between sensory 
organs, nerves and brains. 

Extra dimensions and parallel 
universes are unproven aspects 
of physics. If they exist, they could 
affect the brain, but only ifthose 
entities can modulate either 
the flows of neurotransmitters 
or the electric charges or both. 


On that note 


When two musical notes are an 
octave apart, one has double the 
frequency of the other yet we hear 
them as the “same” note - a “C" for 
example. Why is this? (continued) 


James Whalley 

Hinchinbrooke, Quebec, Canada 
Previous correspondence on 
this topic refers to the different 


THE CITY ig 
IN RUINS, 


“The human brain 


might, like everything 
in our universe, be 
dependent on these 
other dimensions for 
its very existence” 


patterns of overtones that enable 
us to distinguish one instrument 
from another. This isn’t the only 
factor involved. 

Many years ago when I was at 
school, some of us were invited 
toa talk on instrumental sounds 
at the University of Birmingham, 
UK. There, a violinist anda 
trumpeter, situated behinda 
screen, played a note at the 
same pitch on each instrument. 
It was quite easy to tell which 
instrument was playing. 

We were then asked to listen 
toa recording of a similar 
sequence of long notes, but this 
time the beginning of each note 
was blocked. Surprisingly, it was 
now Very difficult to distinguish 
any difference between the 
trumpet and the violin. 

It seems that each instrument 


| GODZILLA ; 
AND KING KONG. 
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has its own peculiar “transients”, 
sounds that occur momentarily 
before the main note is produced, 
or that determine how it ends or 
decays. These may be even more 
important than the overtone 
pattern in giving the instrument 
its special character. 


Eric Kvaalen 

Les Essarts-le-Roi, France 

A previous answer discussed how 
alow C contains every higher C, 
and that they therefore share a 
unique mathematical relationship 
with one another that they don’t 
share with other notes. 

But ifI play an A witha 
fundamental frequency of 110 Hz, 
it has overtones not just at 220, 
440 and so on, but at 330,550 and 
990, for example. Why do the 


notes at 220 and 440 Hz sound like 


A, but the notes at about 330, 550 
and 990 (respectively, E, C# and B) 


sound different? Why does playing 


a tune two octaves higher (four 
times the frequency) sound like it 


is in the same key, whereas playing 


it three times higher sounds like a 
different key? I find it puzzling. ! 


Answers 


Quick quiz #105 
Answers 


1 Bagheera kiplingi, a type 
of jumping spider 

2 In the digestive tract 

3 Kraken Mare 

4 The speed of light 
51936 


Quick crossword #84 
Answers 


ACROSS 1 Twelfth, 5 Lift-off, 
9 Alder, 1O Shoulders, 

11 Carcinoma, 12 Ounce, 
13 Rhea, 15 Oxidised, 

18 Aneurysm, 19 Nits, 

22 Okapi, 24 Tungstate, 

26 Tin mining, 27 Extra, 

28 Anosmia, 29 Nephron 


DOWN 1 Trance, 2 Endorphin, 
3 Fermi, 4 Histology, 5 L-dopa, 
6 Fallopian, 7 Ocean, 8 Fisher, 
14 Aluminium, 16 Immunogen, 
17 Extractor, 20 Contra, 

21 Retain, 23 Amnio, 

24 Taiga, 25 Sleep 


#116 More 
soccerdoku 
Solution 


Albion's goals against must be O 
in order for the Goals For/Against 
totals to be equal. To get 7 points, 
Albion drew 1 and won 2,50 they 
drew O-O and either won 3-O/ 
1-0 or 2-O/2-0. United hada 
goal deficit, so must have lost at 
least once. They conceded 5 
goals, and since Town and Rovers 
only scored 2 goals between 
them, United must have lost 3-O 
to Albion. So Albion beat another 
team 1-0; that team must be 
Rovers. All results then follow: 
Albion 3 United O 

United 2 Town 1 

United 2 Rovers 1 

Town O Albion O 

Town O Rovers O 

Albion 1 Rovers O 
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Big SIgh 


How large is a cubic metre of water? 
The answer, which comes as part 

of our persistent series on Unusual 
Alternative Measurement Units, 

is that it is location dependent. 

An ABC News item about the 
East Australian current courtesy of 
Kevin Ritchie notes that it “can carry 
40 million cubic metres of water 
each second — the equivalent of 
300 billion pints of beer”. 

Meanwhile, the world’s biggest 
artificial water-filled hole, currently 
being built in Cornwall, UK, to 
simulate extreme environments, 
is said, ina press release forwarded 
to us by Laurel Stanford, to hold 
“over 42,000 cubic metres of 
water — the equivalent of 17 Olympic 
size swimming pools or 168 million 
cups of tea”. 

Our main concern is with the 
maths. To present an Australian 
with a pint of beer that contains 
just 0.15 litres isn’t a way to make 
a friend for life. A 0.25-litre cup 
of tea seems more reasonable, 
although we prefer drinking our 
tea in pints, and not those of the 
Australian variety. 

As we furrow our brow over all 
this, Roger Lampert writes in to 
query whether, when we quoted 
the Mona Lisa's size as 21 by 
30 inches (29 May), we meant 
modern English inches or the 
pre-revolutionary pouce, equal 
to 1.0657 of the Rosbif variety. 
Roger, everyone: it was exactly 
this sort of nonsense that led to 
Louis XVI's demise. 


Unknown cyberwarrior 


Hungary Today reports that 
the first statue of bitcoin creator 
Satoshi Nakamoto is to be 
erected in Budapest, celebrating, 
according to the project’s initiator 
Andras Gyorfi, the creation of 
“an efficient, fair, and transparent 
database that eliminates distrust 
between people and can make the 
world a better place in many areas, 
from food supply to aid delivery”. 
The fact that no one knows who 
Satoshi actually is, or whether 
indeed they are one person, isn’t 


56 | New Scientist | 12 June 2021 


Twisteddoodles for New Scientist 


WE NEED A 


_ RESEARCH 


PROPOSAL 
\OEA! 


NO! SCIENCE 
MUST 
~ BE ABOUT 


THE FUTURE! 


WHICH WE WILL 
IGNORE SO WE 
)CAN MAKE NEW 


FUTURISTIC 
MISTAKES! 


LETS DO AN 
AMAZING 

RETROSPECTIVE _\ 
STubY | 


But iT Will | 
PROVIDE US WITH 
LESSONS Feom 


THE PAST... 


So Basically 

TODAYS PROBLEMS 
BuT With 
MORE - 


JET PACKS? 


@tuisteddoodles 


setae 


Got a story for Feedback? 

Send it to feedback@newscientist.com or 

New Scientist, 25 Bedford Street, London WC2E 9ES 
Consideration of items sent in the post will be delayed 


regarded as a deal-breaker for 
the statue, which will consist of 
a hooded figure with a reflective 
face to reinforce the idea that 
“we are all Satoshi”. 

Well, Feedback isn’t, for one: 
perhaps we can solve this mystery 
by elimination. Meanwhile, the 
article doesn’t state what the 
sculptors are being paid in. 


What vaccines can’t do 


Those pesky fact-checkers ruin 
another great story, as Full Fact 
runs an item entitled “Getting a 
Covid-19 vaccine doesn't mean 
you can connect to Bluetooth”. 

This responds to a spate of 
reports on Facebook that the jab 
makes you magnetic at the injection 
site. This could have been fun, 
depending on the strength of the 
magnetism. Ah well. 

Meanwhile, we have a “friend” 


who swears that since they had 
their jab their phone can get 5G 
for the first time... 


Breaking the mould 


Richard VandeWetering writes 
from another London in Ontario, 
Canada, apparently in response 
to our item ona single pixel 
being sold for $1.36 million of 
cryptocurrency (1 May), with 
news of art that is breaking 
down boundaries. 

The Jon Sasaki: Homage 
exhibition, which can be seen, 
virtually in the first instance, 
at the McMichael Canadian Art 
Collection just outside Toronto, 
“is a suite of photographs depicting 
petri dishes with bloomed 
bacterial cultures derived from 
swabs of the palettes and brushes 
used by members of the Group of 
Seven and Tom Thomson”. 


Is this art? We'll take a punt on 
“yes”, but if so it is definitely 
cultural appropriation. 


Art warning 


Meanwhile, John MacCullum reports 
some very non-fungible art ona 
roundabout in Walsh Bay, Sydney, 
where a large, bright red car has 
apparently been crushed by a 
gigantic granite boulder. 

This visceral sight is accompanied 
by roadworks-like signs on entering 
and exiting the roundabout: 
“Artwork ahead” and “End artwork”. 
Now that definitely is art. 


A Politzer writes 


Anemail of complaint reaches our 
inbox from Nobel-prizewinning 
particle theorist H. David Politzer 
(“one of many, but the only one 
with an H.” in his words). 

The discovery of his papers on 
the physics of the banjo led us to 
speculate recently on his multiple 
identities (24 April). It’s not so 
much this that David objects to, 
as the fact we got the weblink 
to his banjo work wrong. 

“As the record shows, I’m quite 
enthusiastic about the banjo stuff 
and happy for it to get publicity — 
good or otherwise,” he writes in 

a follow-up email. 

There’s also more connection 
between the two parts of his 
published oeuvre than you might 
think, he points out. The same 
techniques that allowed him to 
make the first half-way accurate 
estimate of the unexpectedly long 
lifetime of the J/Psi particle in the 
1970s also allowed him to model 
from first principles the banjo’s 
unusual and distinctive resonance 
characteristics. 

“Tcould continue with how 
banjo physics theory requires 
logarithmically divergent 
renormalization. That story 
makes contact with why soap 
bubbles and balloons burst when 
pricked with a pin. But I’ve gone 
on more than long enough,” 
he ends. Notat all, David, thank 
you for writing. And that link: 
www.its.caltech.edu/~politzer. 
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Creative Coding 


Children can join a whirlwind tour of the history of Coding and 
Computers — from the 17th century polymath Gottfried Leibniz to Bletchley Park’s 
codebreakers, they can read about the race to design the world’s first mass-produced 
computer and the dawn of a digital future with seemingly limitless possibilities. 
WZ, PLUS: fun with secret messages, great puzzles and awesome creative codes to crack. 


AQUILA Magazine: a brilliant gift for curious 8 -13-year-olds. Witty and intelligent 
eo with beautifully illustrated topics, every issue isa balanced feast of Science, Arts and 


General Knowledge. BY SUBSC IC 


“Advanced & Philosophical, Curious & Puzzling” 


Richard Robinson, Brighton Science Festival 
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